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SECTION I. 
PHYSIOLOGICAL CHEMISTEY. 

The ultimate constituents of the human body com- 
prise some fifteen or sbcteen of the elements. They 
are — 



Oxygen 


Sulphur 


Sodium 


Silicon 


Hydrogen 


Phosphorus 


Potassium 


Fluorine 


Carbon 


Chlorine 


Magnesium 


lithium 


Nitrogen 


Calcium 


Iron 


Manganese 



These elements are combined in various proportions, 
to form the compounds which eidst in the tissues 
of the body. The simpler bodies are crystalline, 
as urea ; the more complex, as albumen, are amor- 
phous. The former, being crystalloids, readily pass 
out of the body through the excretory organs; the 
latter, being colloids, are better suited to form part 
of its tissues. 

They may be divided into the following classes : — 

I. Inorganic Salts. 
II. Organic Crystalline Salts. 

III. Carbo-hydrates, or Sugars. 

IV. Hydro-carbons, or Fats and their Allies. 
V. Albuminous, or Proteid CoMPouNna. 

VI. Albuminoid, or G^i^Aiisoxi^ Ci^^^ovi^vjf^- 

B 



2 PHYSIOLOGICAL CHEMISTRY. 

I. The Inorganic Salts include the bases before 
mentioned in combination with acids, the principal 
being chlorides, carbonates, phosphates, and sul- 
phates; sulphocyanides, fluorides, and nitrates oc- 
cur in small quantities. ' 

II. The Organic Crystalline Bodies are very 
numerous ; for the most part they are the result 
of the disintegration of albuminous material, and 
nearly all contain nitrogen. The principal mem- 
bers of this group are urea, uric acid, xanthin, 
h3rpoxanthin, hippuric acid, kreatin, kreatinin, lactic 
acid, lecithin, neurin, cerebrin, leucin, tyrosin, and 
cholesterin. 

Urea, CH4N2O or (NH2)2CO, forms the chief 
constituent of the solid portions of the urine. It 
exists also in small quantities in the blood and 
liver, liq. amnii, and serous fluids. 

Preparation — artifidaUi/ : By heating a miicture 
of potassic ferrocyanide and manganic dioxide on 
an iron sheet, potassic cyanate is formed, and is 
dissolved out with water. The potassic cyanate 
is treated with ammonium sulphate, ammonium 
cyanate and potassic sulphate being formed; the 
potassic salt is removed by crystallisation, and the 
mother liquor, on evaporation to dryness, and ex- 
traction of the dried residue with alcohol, yields 
urea. 

From urine : The urine is evaporated to a thin 
, and its own volume of colourless nitric acid 
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added ; nitrate of urea is formed and readily crys- 
tallises. The iiitrate is decolourised by animal 
charcoal and recrystallised. To obtain the urea pure, 
the nitrate is decomposed by potassic carbonate, the 
poteasic nitrate which is formed is aUowed to crys- 
tallise out, and the liquor containing urea evaporated 
to dryness and extracted with alcohol. 

Properties, — ^Urea crystallises from water in 
long thin colourless needles. If formed slowly the 
crystals are four-sided, and have pyramidal ends. 
It is a colourless substance of saline taste, soluble 
in water and alcohol, insoluble in ether. Urea is 
closely related (being isomeric) with ammonium 
cyanate, NH4CNO, and carbamide, (NH2)2 CO. 

Characteristic reactions, — (1.) Pure nitric acid 
gives in a strong solution of urea a crystalline pre- 
cipitate of urea nitrate. These crystals are colour- 
less six-sided prisms, and are sparingly soluble in 
alcohol. 

(2.) Mercuric nitrate gives a white precipitate 
in the absence of chlorides. 

(3.) Nitrous and hypobromous adds decompose 
urea, nitrogen and carbonic acid being liberated. 

(4.) Fused with caustic potass, or treated with 
concentrated sulphuric add, urea is resolved into 
ammonia and carbonic acid. The same change 
takes place in the presence of decomposing animal 
matters as in stale urine, the urine becoming ^xssl- 
moniacal : — 
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CO(H2N)2 + 2H2O = (NH4)2C03. 
Urea + aq. = ammonium carbonate. 

ITric Acid, C5H4N4O3, is present in small 
quantities in the urine, in combination with a base. 
It is present in the spleen, liver, and also in the 
blood, in gout, and urinary calculi are often com- 
posed of it. It forms about 90 per cent, of the 
solid residue of the urine of snakes, and is present 
in large proportion in the urine of birds. 

Preparation, — ^It is best obtained from the ex- 
crement of snakes, by boiling with caustic potass 
until the urate of ammonium of which it consists 
is decomposed, ammonia being evolved. The uric 
acid is precipitated in an impure state by adding 
hydrochloric acid. The precipitate is re-dissolved 
in potass and re-precipitated by acid. 

From urme, — By acidulating with hydrochloric 
acid, and allowing to stand for twenty-four hours, 
reddish crystals of impure uric acid being precipi- 
tated. 

Properties. — Pure uric acid is a white crystalline 
powder, almost insoluble in cold water, insoluble in 
alcohol and ether. The crystals vary in shape, but 
are for the most part of a rhombic form. It is 
dibasic, and combines with bases to form soluble 
salts, as the urates of ammonium, potassium and 
sodium. 

Tests — Murexide test, — A small portion of uric 
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acid is moistened with strong nitric add, and 
evaporated at a gentle heat. It effervesces, 
and leaves a reddish colouration, which on 
adding ammonia becomes purple. 
Schiff*8 Teat. — Uric acid is dissolved in a solu- 
tion of sodium carbonate and dropped on 
paper moistened with silver nitrate ; a brown 
stain is formed. 
Xanthin, C5H4!N'402, exists in small quantities 
in urine, in the spleen, and muscles. It is insoluble 
in water, soluble in nitric and hydrochloric acid. 
When heated with nitric acid and evaporated, a 
yellow residue is left. It occurs in some calculi. 

Hypoxanthin, C5H4N4O, occurs in the tissues 
of the spleen and muscles, and has been noticed in 
the urine of leuksemia; when oxidised it forms 
xanthin. 

Hippurio acid, C9H9NO3, occurs in small quan- 
tities in the urine of man and camivora, but 
abiuidantly in the urine of herbivora. It is pre- 
cipitated by iron salts ; most of its other salts are 
soluble. It crystallises in fine needles. 

Kreatin, C4H9N3O2, exists in the muscles, and 
can be obtained from extract of meat. It occurs in 
colourless rhombic prisms. Soluble in hot, spar- 
ingly soluble in cold water. It has a neutral reac- 
tion, and when boiled with baryta water, splits up 
into urea and sarcosin. 

Kreatinin, C4H7N3O, is an a&a]^e^\iKAi ^\s\rJo^ 

B 2 
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exists in small qnantitieB in muscle-extract and in 
nrine. It crystallises in colourless prisms. Kreatin, 
on bofling with HCl, takes np HjO and forms 
kreatinin. It can be separated from the nrine by 
precipitating with mercoric chloride. 

Lactic acid, C3H5O3, is the acid formed daring 
lactic fermentation, and is found in sour milk and 
in the alimentarj canal. Sarco-lactic add has the 
same composition as lactic, but differs &om it in the 
solnbflitj and crystalline f<H*m of its zinc and cal- 
catim salts. It is found in the muscles, and can be 
obtained from muscle-extract. 

Choleftdrin, O26H44O, is a neutral crystalline 
bodj (in reality an alcohol), which occurs in bile, 
in the brain, spinal cord, and many pathological 
fluids. It is readily prepared by boiling gall-stones 
in alcohol, filtering, and allowing to crystallise. 
With strong H2SO4 and a trace of iodine it becomes 
of a violet colour, which afterwards changes to 
green and then red. 

Leeithin, C44H90NPO3, occurs in the brain, 
yolk of egg, pus, and in smaller quantities in the 
blood and bile. It is a white crystalline substance, 
soluble in hot alcohol and ether. 

Cerabrin and Heurin are two substances which 
occur in the brain, and the latter also in yolk of egg, 

Lenein, C^HisNOj, in conjunction with tyrosin, 

^^Dond in many of the organs and fluids of the 

^^^^■p the pancreas, liver, spleen, in the peptones 
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of the alimentary canal, and in the urine in acute 
yellow atrophy and other diseases of the liver. 
These substances are formed during the decomposp- 
tion of albuminous substances. They may be pre- 
pared by the artificial decomposition of albumen, 
fibrin, casein, gelatin, &c., but are most readily ob- 
tained by boiling horn-chips in dilute sulphuric 
acid. Leucin can also be obtained synthetically. 
Impure leucin appears under the microscope in the 
form of oily lumps clustering together ; when pure 
it forms white flat crystals. It is soluble in water 
and alkalies, less so in alcohol. 

Scherer^a Test. — Place a small portion on plati- 
num foil with a drop of nitric acid and evapo- 
rate gently. A colourless residue will be 
lefb, which on the addition of liq. potasste, 
will become yellow and form an oily drop. 
Tjrrosin, C9H11NO3, is generally found in con- 
nection with leucin, and consists of minute colour- 
less microscopic needles of a silky lustre. It is less 
soluble in water than leucin, and is insoluble in 
alcohol, but soluble in liq. potassse and dilute acids. 
Hoffmanns Teat, — ^Add mercuric nitrate and boil ; 
the liquids will become rose-coloured and de- 
posit a red precipitate. 
Piria^a Teat. — Add a few drops of concentrated 
sulphuric acid, warm, neutralise with chalk, 
filter, and add ferric chloride ; the liquid will 
become of a violet colour. 



8 PHYSIOLOOICAL CHEMISTRY. 

III. Carbo-Hydrates. — The principal carbo-hy- 
drates found in the animal body are : 1. Grape 
ilkigar. 2. Milk sugar. 3. Inosit. 4. Glycogen. 
5. Dextrin. 

1. Orape Sugar or Dextrose, CeHigOe, occurs 
in small quantities in the blood and urine, and in 
larger quantities in the contents of the alimentary 
canal. It is formed in the mouth and intestines by 
the action of the saliva on the starch and cane 
sugar present in the food. When pure it forms 
four-sided prisms, but is generally seen in irregular 
warty lumps. It is soluble in water and alcohol. 
It undergoes decomposition in the presence of cer- 
tain ferments. 

(a) Alcoh>olic /ermentcUion takes place under the 

influence of yeast; alcohol and carbonic acid are 

formed, 

CfiHigOe = 2C2HeO + 2CO2. 

(b) Lactic fermentation. — Under the influence 
of decomposing animal matters, lactic acid is formed 
in the flrst instance and afterwards butyric acid, 
carbonic add and hydrogen. 

1st stage, CfiHiaOe = 2C3H6O3 
2nd stage, 2C3H6O3 = C4H8O2 + 2CO2 + 2H2 
The acidity of the contents of the large intestine is 
due to the presence of lactic acid. 

Trommer's Test, — Boil the solution with a few 
drops of solution of cupric sulphate and excess 
of caustic potass; if dextrose is present an 
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abundant reddish-yellow precipitate of cuprous 
oxide will fall. 

Moore^s Test — Boil with caustic potass; if sugar 
is present the liquid will become first light 
yellow and afterwards brown. 

Fermentixtion Teat, — ^Add a small quantity of 
yeast, and leave in a warm place for 24 hours; 
a considerable quantity of carbonic acid will 
be evolved, which can be collected in a suit- 
able apparatus. Alcohol will be present in 
the liquid. 

2. Milk Sugar or Lactose, Oi2H220n, is found 
in milk. It differs from dextrose in being more 
insoluble in water and not readily undergoing the 
alcoholic fermentation. It readily undergoes the 
lactic fermentation. It precipitates cuprous oxide 
from alkaline solutions in the same manner as dex- 
trose. It is insoluble in alcohol. 

3. Inosit, C6H12O6, occurs in small quantities 
in the spleen, liver, and brain, and appears in the 
urine in ursemia. It undergoes the lactic but not 
the alcoholic fermentation. 

4. Glycogen, CeHioOs, is found in considerable 
quantities in the liver of well-fed animals, in smal- 
ler quantities in the white corpuscles of the blood, 
placenta and foetal tissues. It is an amorphous, 
white tasteless powder, soluble in water, insoluble 
in alcohol. Its aqueous solution is opalescent. 

Preparation.-^lLiW a well-fed T«i^i^i\\»^w:'0^'^ ^\jBt 
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a meal, qnickly remove the liver, and after cutting 
it in sUces, throw it into boiling water without loss 
of time. After boiling for a short time (to prevent 
the ordinary post-mortem change which glycogen 
undergoes into grape sugar) pound the liver, boil 
again and filter. The filtrate contains the glycogen 
and cei-tain albuminous substances which must be 
removed. The latter are precipitated with potassio- 
mercuric iodide in the presence of hydrochloric 
add. The glycogen is then precipitated by adding 
alcohol. 

Teats, — ^Dilute mineral acids (except nitric) con- 
vert it into grape sugar. Iodine gives a red 
colouration, which disappears on warming and 
reappears on cooling. (Starch gives blue with 
iodine, dextrin red, but disappears on warming, 
and does not reappear on cooling.) 

5. Dextrin, C5H10O5. — Starch is converted into 
dextrin by the action of ferments, the dextrin 
formed being in turn converted into dextrose if the 
action of the ferment is continuous. Dextrin is 
found in the alimentary canal and also in the blood. 
It becomes of a red colour on addition of iodine ; 
the colour disappears on warming and does not, as 
in the case of glycogen, reappear on cooling. 

IV. Hydro-Carbons or Fats. — The principal 
feits present in the animal body are : 

stearin fd^^3.,o)3 } ^^^ 
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}03 

Olein ,^3-^^ ^^ J03 



Palmitin j^? tr f\\ 

l^l6-°-31^/3 

C3H, 

(^isHaaO), 



These neutral fats wheu submitted to the action 
of superheated steam, or heated with lead oxide, com- 
bine with water, and form glycerine and a fatty acid. 



Palmitin. Glycerine. Palmitic acid. 

(C,.H„0)J 



-C»?s\ 0, + 3 1 j = ^»g» j 0, + 3 ^"^«^0. 



Stearin is best obtained from beef or mutton 
suet. It is the hardest of the fats, and crystallises 
in white shining plates. It has the highest melting 
point (60° C.) 

Palmitin is best prepared from palm oil; it 
crystallises in needles and has a lower melting point 
than stearin (40'' 0.) 

Olein is prepared from olive oil, and is fluid at 
ordinary temperatures. 

Glycerine, 03-0-^ ? O3, is a syrupy fluid with sweet 

taste and a neutral reaction ; it is soluble in water 
and alcohol, but not in ether. It dissolves many 
metallic oxides, and on heating decomposes, acrolein 
being formed. 

V. The Albuminous Bodies or Proteids occur 
in almost all the tissues and fluids of the body. They 
derive their name from the wbit/e ol %^%^ ^\sv^Sa» 
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taken as a type of the group. They will not 
crystallise, and are obtained pure with difficulty. 
They are insoluble in alcohol and ether, soluble in 
strong acids and alkalis, undergoing decomposition 
in the process. With the exception of the peptones 
they are coagulated by heat, and will not diffuse 
through animal membranes. They are not formed 
in the animal body, but enter the body in the form 
of food derived from the vegetable kingdom. They 
have the following average percentage composi- 
tion : — 






21 per cent 


H . . 


7-5 „ ,, 


C 


54: „ „ 


N 


16 „ „ 


S 

• 


A » » 



Testa, — 1. Xanthoprotem Beaction, — Heat with 
strong nitric acid, cool, and add ammonia^ 
An orange colour is produced. 

2. MiUorCa Heaction, — Add some Millon's re- 
agent (Hg(N03)2+HgN03) and heat; the 
fluid will become red, and if sufficient albumin 
is present, a precipitate will fall. 

3. Add some liq. potassse and a drop or two of 
solution of cupric sulphate; heat : a violet 
colour is produced. 

The albuminous bodies include several groups — 
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1. Albumin and its derivatives. 

2. Globulins. 3. Fibrin. 4. Peptones. 

1. Albmnin is soluble in water, insoluble in 
alcohol and ether. It is coagulated at a tempera- 
ture of 70** C. If dried at a lower tiemperature, it 
forms a tasteless yellow mass. Albumin is precipi- 
tated in the following ways : — 

(a) By boiling and acidulating with* nitric 

acid. 

(b) By concentrated nitric acid in the cold. 

(c) By the addition of acetic acid and potassic 

ferrocyanide. 

(d) Boiling with acetic acid and strong solution 

of sodium sulphate. 

Albumin exists in two forms— egg albumin and 
serum albumin. 

They differ in that — 

(a) "Egg albumin is coagulated by ether, serum 
albumin is not. 

(5) Coagulated serum albumin is soluble in 
strong HNO3, egg albumin is not. 

(c) Serum albumin injected beneath the skin 
does not appear in the urine, egg albu- 
min does. 

Alkidi Albnminate. — If albumin in solution is 
treated with dilute caustic potash and gently 
warmed, some of its properties xxxidsbx^o O^^^t^^^ 

c 
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The alkaline solution will no longer be precipitated 
by boiling. It is precipitated on neutralisation 
with acidsy and is soluble in excess of the acid. It 
is not precipitated on neutralisation in presence of 
the alkaline phosphates. 

Casein. — This substance closely rasembles alkali 
albuminate, but differs from it in containing sulphur. 
It can readily be prepared from milk by saturating 
with magnesium sulphate, or by acidifying and 
gently warming ; it is precipitated when milk comes 
in contact with the walls of the stomach. 

Acid Albumin. — If albumin in solution is treated 
with HCl or other acids, it undergoes a change in 
its properties. It is no longer coagulated by heat. 
It is precipitated on neutralisation with an alkali, 
and is redissolved by excess : its precipitation is not 
prevented by alkaline phosphates. It is precipitated 
on boiling with lime-water. If muscle be dissolved 
in dilute HCl, a body termed syntonm, closely re- 
sembling, if not identical with, acid albumin, is 
formed. 

2. Globnlins. — These bodies differ fi'om the 
albumins in being insoluble in water, precipitated 
by CO2, or on saturating their solutions with NaCl. 
They are converted into acid albumin by HCl. 
They are soluble in dilute solutions of NaCl, the 
solution being precipitated by heat. 

They include (a) globulin, (b) paraglobulin, (c) 
fibrinogen, (d) myosin, (e) vitellin. 
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(a) Olobulin exists in the crystalline lens, and 
closely resembles paraglobuKn in its properties, but 
differs from it in not assisting to form fibrin. 

(b) Faraglobnlin occurs in blood and serum, 
and in smaller quantities in some of the tissues. It 
gives rise to fibrin when mixed with any fluid, as 
hydrocele fluid, containing fibrinogen. 

(c) Fibrinogen exists in blood, pericardial, 
pleural, and hydrocele fluids. It closely resembles 
paraglobulin, but when thrown down by CO2 it is 
less flocculent and more viscous. 

(d) Myosin is present in dead muscle. It is not 
so soluble as fibrinoplastin. It is converted into 
syntonin by dissolving in HCl. 

(e) Yitellin exists in yolk of egg ; it is soluble 
in dilute NaCl solutions, but differs from other 
members of the group in not being precipitated by 
saturating with NaCl. 

3. Fibrin is obtained by whipping freshly drawn 
blood. It forms tough, white strings, which are 
insoluble in water and dilute NaCl solutions ; is 
converted into syntonin by digestion with HCl. 

4. Feptones are distinguished from other albu- 
minous bodies by not being precipitated by boiling, 
acids, or by potass, ferrocyanide and acetic acid. 
They diffuse through animal membranes. They 
are precipitated by tannin, iodine, and acetate of 
lead. I 

Several different peptones ex\^\>. 
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YI. The Albuminoids or Gelatinous Bodies. 
These substances, which occur as the principal con- 
stituents of many tissues, resemble the albuminous 
bodies in their composition, but differ from them in 
many of their reactions. 

They include — 

L Mucin. 3. Chondrin. 

2. Crelatin. 4. Elastin. 

1. Mucin is found in foetal connective tissue 
and in tendons. It occurs also in the mucous secre- 
tions, saliva, bile, gastric juice, <kc., giving them 
their ropy consistence. It is not coagulated by 
boiling. It is precipitated by acetic acid. It gives 
the proteid action with Millon's reagent and nitric 
acid, but not with sulphate of copper and liq. 
potass. 

2. Oelatin. — Bones, connective tissues, tendons 
yield gelatin on boiling. When dry it is a colour- 
less, transparent body ; it swells up- in cold, and 
dissolves in hot water ; the solution, on cooling, 
forms a jelly. It is precipitated by tannic acid and 
mercuric chloride, not by acetic acid. It does not 
yield the proteid reactions with nitric acid, Millon's 
reagent, or copper sulphate. 

3. Chondrin forms the bulk of > the matrix of 
cartilage, and can be prepared by boiling cartilagi- 
nous substances in water, the solutions forming a 
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jelly on cooling. It is precipitated by acetic acid 
and lead acetate. 

4. Elastin. — The yellow elastic fibres present 
in the liq. subflava, and other parts of the body, 
• consist of elastin. It does not dissolve in boiling 
water, but is soluble in boiling caustic potass. 
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SECTION 11. 
PHYSIOLOGICAL HISTOLOGY. 

EPITHELIUM. 

The various free sutfaces of the body — ^as, for ex- 
ample, the external surface of the skin, the mucous 
membranes, the internal membrane of the arteries, 
and the serous sacs — are lined by cells of different 
characters, which form the epithelium or endothe- 
lium. The latter term is applied by some to the 
flattened cells which line the serous sacs, blood- 
vessels, and lymphatics. 

The epithelial cells differ very considerably in 
shape and size, but they agree in possessing nuclei 
and finely granular cell-contents. This granular 
protoplasm has recently f^een shown to consist of a 
fine network, the meshes of which contain a hyaline 
material. The nucleus in like manner consists of a 
fine network, hyaline material, and has also a limit- 
ing membrane (Klein). Epithelial cells are con« 
nected together by a small quantity of a homogene^ 
ous albuminous substance, which is termed the 
intercellular cement. 
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Epithelium may be divided into the following- 
varieties : — 

1. Tesselated or squamous. 

2. Columnar. 

3. Transitional. 

4. Glandular. 

5. Ciliated. 

1. The Tesselated or Squamoas variety is ar- 
ranged either as a (a) single layer, or (b) in super- 
imposed or stratified layers. 

(a) A single layer of tesselated epithelium is 
found lining the pleura, pericardium, peritoneum, 
arachnoid, arteries, veins, capillaries, lymphatic 
vessels, acini of the lungs, anterior and posterior 
aqueous chambers c^ the eye. The cells consist of 
a thin plate with an oval nucleus, but differ con- 
8id«>»rably in shape ; those lining the serous sacs 
being polyhedral or nearly circular, the cells lining 
the arteries and capillaries being elongated, and the 
lymphatics having epithelium, with an irregular or 
wavy border. The outline of these cells is readily 
shown by staining their intercellular cement with 
silver nitrate. 

(b) The superimposed layers consist of strata of 
cells, which clothe surfaces specially liable to friction. 
They cover the true skin, forming the epidermis ; 
they form the superficial layer of the mucous m.«asL- 
brane of the cavity of the mo\it\i,\oix^^>cR^^^'^'S^^> 
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conjunctiva, and vocal cords, vagina, external aper- 
ture and fossse navicularis of the urethra. The 
deeper cells of the dermis are more or less round, 
though the deepest are columnar, and form the rete 
mucosum ; the superficial cells are flattened, forming 
the homy layer or sti'atum comeum, which covers 
the soles of the feet and palms of the hand. 

2. Columnar. — This variety c6nsists of cylin- 
drical or club-shaped nucleated cells, the thick ends 
being towards the free surface. They are found 
lining the alimentary canal from the oesophageal 
end of the stomach to the anns, lining the ducts of 
glands and the olfactory region of the nose. 

3. Transitional. — This variety consists of flat- 
tened cells on the surface, a middle layer of pear- 
shaped cells, their rounded ends fitting into the 
under surface of the flattened cells, and an inferior 
layer of roimded or pyriform cells fitting between 
the thin ends of the middle layer. The bladder, 
ureters, pelvis of kidney, are lined by transitional 
epithelium, and also the larynx and pharynx, where 
the columnar and flattened cells come in contact. 

4. Glandular. — The acini of the various glemds 
of the body, as the convoluted tubes of the kidney, 
the salivary and peptic glands, are lined by sphe- 
roidal or cubical cells. These cells are nucleated, 
and probably perform the important work of sepa- 
rating or elaborating from the blood the materials 
which form the secretion of the gland. 
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5. Ciliated. — In some parts of the body the 
epithelial cells are provided with minute rods 
which are constantly in motion, and serve to propel 
mucus or any minute particles in contact with 
them towards the orifice of the chamber or tubes 
whose walls they line. They vibrate at the rate of 
about 700 per minute. These minute rods are 
probably prolongations of the intra-cellular network, 
and their movements are independent of any 
nervous mechanism. Chloroform vapour and car- 
bonic acid gas arrest their movements. Weak 
acids or alkalies and moderate electric currents 
stimulate them. Ciliated epithelium is for the most 
part columnar in shape. 

They are present in man — 

(a) Lining the mucous membrane of the air 
passages. Commencing near the nostrils, they 
line the nasal cavity (except the olfactory region), 
the antrum, ethmoidal and frontal sinuses, the 
nasal and lachrymal ducts, the upper part of the 
pharynx, the Eustachian tube, tympanic cavity, 
trachea, and bronchi, till they enter the infundibula 
of the lungs. 

(b) Lining the mucous membrane of the uterus, 
commencing at the middle of the cervix and con- 
tinuing along the Fallopian tubes to their fimbriated 
extremities. 

(c) Lining the vasa efierentia, coni vasculosi, 
and upper part of the globus ma^or oi \j\ia \.^sJC\v». 
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(d) Lming the lateral ventricles of the brain 
and central canal of the spinal cord in the child. 

Many of the animalculse and algae, as the para- 
mecia, rotifera, vorticeUa, volvox, are provided with 
cilia as a means of locomotion, or for producing cur- 
rents in the water, so as to carry their prey within 
their reach. Cilia are also found in the gills of 
the oyster and salt-water mussel, and doubtless 
serve to bring a fresh supply of oxygenated water 
in contact with the capillaries of their gills. In 
man, they probably prevent the accumulation of 
mucus or foreign particles on the surfaces they line, 
and posably in the testicle help forward the immsri 
ture spermatozoa. 

They are most readily obtained for the micro- 
scope by snipping a small piece from the gills of 
the mussel, and covering with thin glass ; they will 
continue to work for hours if evaporation be prer 

vented. 

PIGMENT. 

Pigment is met with in various parts of the 
body, in the choroid, iris, olfactory region of the 
nose, pia-mater of the cord, and in some of the cells 
of the grey matter of the brain. It occurs in some 
pathological states, as in the rete mucosum in 
Addison's disease and in melanotic tumours. 

The choroid contains hexagonal cells filled with 
dark matter; on the outer surface of the choroid 
the cells are branched. The pigment of the choroid 
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is evidently of use in absorbing any redundant light 
which enters the eye. Chemicjally it is characterised 
by the large percentage ^nearly 60 per cent.) of 
carbon which it contains. 

CONNECTIVE TISSUE. 

Connective Tissue is present almost universally 
throughout the body, serving to connect the various 
organs with one another, as well as to bind together 
the parts of which an organ consists. The muscles 
are surrounded by a connective tissue sheath, which 
also penetrates into their substance, binding to- 
gether the fasciculi and fibres. The same tissue is 
present beneath the skin and mucous membranes, 
and forms a sheath for the arteries, veins, and 
nerves. It is plentifully supplied with blood-vessels, 
and many nerves pass through its substance. Micro- 
scopically, three different elements may be seen — 

1. Corpuscles and nucleL 

2. White fibrous tissue. 

3. Yellow fibrous tissue. 

1. Corpuscles. — These are most readily seen in 
the subcutaneous tissues of young animals, as in 
the young of the guinea-pig. Besides the fibres, 
irregular-shaped nucleated cells will be seen. Many 
of the cells are branched, the branches anastomosing 
with one another. These o^s occupy spaces whlcK 
they completely fill. There is a. qbcVbIyc^ ^sclqnwsJ^ ^ 
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finely granular material between the cells and fibres^ 
which stains with nitrate of silver, the cells and 
fibres being unstained. The nuclei readily stain 
with carmine, while the fibres do not. 

2. White Fibrous Tissue forms the major part 
of the connective tissue of the body. Microsco- 
pically it consists of white, wavy parallel fibres, 
which swell up on the addition of acetic acid. On 
boiling it yields gelatine. 

3. YeUow Fibrous Tissue forms a variable 
proportion of connective tissue, being especially 
abundant beneath the skin, mucous and serous 
membranes. Microscopically, it consists of yellow, 
elastic, curling, branching fibres, of a larger size 
than the fibres of white fibrous tissue. It is un- 
changed by acetic acid and the weaker alkalies. 
Chemically it yields elastin. 

Distributiou of White Fibrous Tissue. — Those 
connecting tissues of the body which require to be 
inelastic, tough, imyielding, are formed of pui« 
white fibrous tissue without admixture of yellow* 
Such ai'e the tendons, fa&cise, aponeuroses, most 
ligaments, the periosteum, the dura-mater, peri- 
cardium, &c. They are white in colour and will 
not readily stretch. Besides the ordinary wavy 
fibres, they contain connective tissue corpuscles. 

Distribution of Yellow Elastic. — In some parts 
of the body an elastic material is required to connect 
bones together or to form the walls of blood- vesi^ljgl. 
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Yellow elastic tissue enters largely into the follow- 
ing structures ; — 

1. Ligamenta subiOa^a of the vertebrse. 

2. The stylo-hyoid, thyro-hyoid, crico-thyroid 

ligaments, the vocal cords, and calcaneo- 
scaphoid ligament. 

3. The middle coat of the larger arteries and 

veins. 

4. It is present beneath the mucous membrane 

of the trachea, and forms the walls of the 
infundibula. 

5. The capsule and trabeculse of the spleen, 

lymphatic glands, and erectile tissues. 

6. Forming the ligamentum nuchse of horse 

and ox. 

RETIFORM TISSUE. 

Betifobm Tissue consists of a delicate network 
formed by connective tissue corpuscles joining their 
branches together. In some parts the corpuscles 
and their nuclei are very apparent, whilst elsewhere 
but little can be seen of nuclei at the intersections 
of the fibres. Eetiform tissue forms the stroma or 
framework of lymphoid tissue. 

In lymphoid tissue, the spaces in the network 
are occupied by leucocytes. It is found in lym- 
phatic glands, solitary glands of the intestixi^^ 
tonsils, spleen, &c. 
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ADIPOSE TISSUE. 

Adipose Tissue is present in many parts of the 
body. It forms a layer beneath the skin, in the 
subcutaneous connective tissues^ except beneath the 
skin of the eyelids and penis j it forms a layer of 
considerable thickness covering the buttocks, thighs, 
and abdomen, in well-nourished subjects. In the 
internal organs it is collected around the kidneys, 
heart, and folds of the omentum, but it is absent 
from the cranium and lungs. 

Structure. — Beneath the microscope, adipose 
tissue will be seen to consist of small vesicles, ^^ 
to 7^ inch in diameter, with a delicate envelope 
containing yellow oily matters. These vesicles 
are held together and supported by connective 
tissue, and are plentifully supplied with blood- 
vessels. A nucleus is sometimes to be seen, though 
often obscured by the fatty matters. In prepared 
specimens, crystals, probably of palmitic acid, may 
be seen occupying the vesicles. The contents of 
the vesicles in the human body consist of olein, 
palmitin, and stearin. 

Uses, — 1. Adipose tissue serves as a convenient 
packing material, which fits in between the tissues 
and organs, and from its fatty nature it serves to 
diminish friction. For example, the subcutaneous 
fat covering the buttock will form a soft pad, and 
allow the skin to work smoothly over subjacent 
atructiu^s. 
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2. Adipose tissue is an excellent non-conductor, 
and serves to retain the heat of the body. 

3. Adipose tissue serves to store up for future 
use a substance rich in carbon and hydrogen. The 
destiny of fat is eventually to be converted into CO2 
and HsO, its oxidation serving to maintain the 
heat of the body and give rise to muscular energy. 
Kybemating animals fatten during the autumn on 
starchy foods, the stored fat serving to maintain 
them during their winter sleep. 

CARTILAGE. 

Cartilage is a bluish or yellowish white, semi- 
translucent elastic substance, without vessels or 
nerves, and surrounded by a fibrous membrane, 
the perichondrium. Cartilage, on boiling for some 
hours, yields an albuminoid called chondrin, which, 
like gelatin, sets into a jelly on cooling, but differs 
from gelatin in being thrown down by tannic acid. 

Cartilage may be divided into 

{Temporary, 
Costal, 
Articular. 



2. Fibro-cartilage 



(White, 
YeUow. 



1. Hyaline Cartilage is present in many parts 
of the body. In the foetus it forms a firm, <^V&s^v2\s5. 
material for the skeleton, prior to V3ci^ ^ey^QiKN.\;\sycv cJl 
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lime salts and consolidation of the bones. In the 
adult it supplies an elastic material in the costal 
cartilages, to assist in forming the walls of the chest, 
its elasticity aiding in an important manner the 
expiratory act. It caps the ends of bones at the 
joints, and helps to diminish friction and lessen 
shock. It forms in large measure the walls of the 
trachea and bronchi, serving to maintain their 
rigidity and prevent coUapse. 

Structure. — It presents beneath the microscope 
numerous round or angular nucleated cells scattered 
through a finely granular matrix. The cells lie in 
a cavity of the matrix, the cavity being lined by a 
capsule. 

Hyaline cartilage is modified in different situa- 
tions : — 

{a) Temporary. — Cartilage forms a support for 
the foetus, and a bed for the deposition of the lime 
salts. The cells are small, for the most part an- 
gular, provided with tails, and uniformly scattered 
through the matrix, except where ossification is 
proceeding, when they arrange themselves in co- 
lumns. The matrix is very finely granular. 

{h) Costal. — The cells are large and collected 
into groups, and contain oil globules. The matrix 
exhibits a tendency to the deposition of lime salts, 
though no true bone is formed. The matrix con- 
tains some scattered fibi'es. 

The cartilages of the nose, thyroid, cricoid. 
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trachea, and bronchi, resemble costal, though for 
the most part no fibres are to be seen in the matrix. 
(c) Articular.— The cells near the bone are 
arranged in columns, though irregularly distributed 
near the surface. The matrix is not prone to 
calcify. 

FDSRO-CAKTILAGE. 

1. White fibro-cartilage. 

2, Yellow fibro-caijbilage. 

White Fibro-cartilage differs from hyaline in 
having the matrix occupied by fibres of white 
fibrous tissue. It is consequently tougher and less 
elastic. Its microscopic characters resemble white 
fibrous tissue rather than cartilage, consisting of 
parallel wavy fibres with a few cartilage cells. It 
is distributed in the following manner : — 

1. Inter-articular fibro-cartilages form small 
pads occupying a movable joint, their surfaces 
being free and lined by synovial membrane. They 
greatly assist in deadening the effects of shock. 
They are present in the temporo-maxillary, sterno- 
clavicular, acromio-clavicular, inferior radio-ulnar 
articulations, and also in the knee-joint. 

2. Gircamferential, serving to deepen articular 
cavities, as in the glenoid cavities of the shoulder 
and hip-joints. 

3. Connecting f which serve to connect the «vv?t- 
faces of bones together in immovaVAfe ^cfv»fes>, «a.^ ^>5^ 

D 2 
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the same time to diminish shock — ^as the interverte- 
bral discs, sacro-iliac synchondi^sis. 

4. Lining Bony Grooves, serving to deepen and 
render smooth the grooves in which certain tendons 
work, as the tendons of the peronei, extensors of 
the thiunb. 

Also forming the sesamoid cartilages developed 
in several tendons. 

Yellow elastic Fibro-cartilage differs from hya- 
line in having its matrix pervaded with yellow elastic 
tissue. It is tougher, more flexible and elastic than 
the hyaline variety. Microscopical examination of 
the epiglottis shows a fine network of elastic fibres, 
with numerous cartilage-cells scattered through its 
substance. In iiie external ear the network of 
elastic fibres are coarser. It forms the Eustachian 
tube, external ear, epiglottis, and comicula laryngis. 

BONE. 

Bone is a tough, hard, white substance, which 
forms the skeleton of the adult. It is also elastic, 
as seen in the clavicle and ribs. It consists of two 
different kinds of material, compact and cancellous 
tissue. The compact, as its name implies, is dense 
and hard, and forms t^e outer shell of bone. Can- 
cellous tissue occupies the internal parts, and con- 
sists of spicules of bone, forming a network, and 
leaving spaces filled with fatty matters and blood- 
vessels. The two tissues gradually shade off into 
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one another, there being no well-marked separation 
between them. Bone is snrrounded by a fibrous 
membrane, the perioBtenm,which supports the blood- 
Tessels. Its outer layer is farmed of tough fibrous 
tissue, its inner layers of fine elastic fibres, and in 
young growing bone of numerous corpuscles and 
granular matter. The long bones consist of a aone 
of compact tissue on the surface, an innef zone of 
cancellated tissue, and a medulla filled with marrow 
in the centre. The marrow in adults consists 
largely of fatty mattM*s, with a certain number ei 
nucleated cells resembling leucocytes, extractives, 
and salts. The red marrow of young bones is 
formed largely of cellular elem^its fmd but little fat. 

Chemical composition : — 

Animal matter . . 33*3 
Mineral „ . . 66*7 

The animal matter is converted by boiling into 
gelatin. 

The mineral consists of calcic phosphate,, oalcic 
carb., magnesia, sodium, fluorides and chlorides. 

Minnie Strnctnre. 

1. Haversian canals. 

2. Lacunee, canaliculi, osteo-blasts. 

3. Lamellae and perforating fibres. 

On examining with a low' poww a thin traxvs.- 
verse section of a long bone (wYvie\i\i«A\^«««^' ^onxsw^ 
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extremely thin or decalcified and a section cut), a 
number of dark spots, or round apertures, will be 
seen, from ^^th to -p^th of an inch in diameter. 
They are transparent or dark, according as the bone 
has been prepared by cutting or grinding. They 
are the apertures seen in section of the Haversian 
canals, and are occupied by blood-vessels. The 
lacunae will be seen as small, elongated, dark bodies 
arranged concentrically around the Haversian ca- 
nals, and on examining with a higher power, will 
be seen to have numerous fine lines, in reality fine 
tubes or pores, radiating from them : these are the 
canaliculi. The lacunae are small spaces occupied 
by a nuclear cell, called an osteo-blast, which in- 
fluences the nutritive processes going on in the 
bone. The canaliculi communicate, on the one 
hand, with the Haversian canals, and, on the other, 
with the lacunae, and are the means of conveying 
nutritive material from the blood-vessels to the 
osteo-blasts. In addition to the lacunae, numerous 
concentric rings will be seen surrounding each 
aperture of the Haversian canals. These rings are 
occasioned by the transverse section of cylinders or 
layers of bony tissue surrounding the Haversian 
canals. In addition to the lamellae around the 
canals, there are other lamellae arranged con- 
centrically around the medullary cavity of the 
bone. If a very thin shred of a lamella be ex- 
amined by a high power, it will be seen to consist 
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of an exceedingly fine intersection of fibres, which 
cross one another obliquely, and cannot be readily 
teased oat. The kmellse also exhibit numerous 
perforations, one set corre^)onding to the canaliculi, 
another set, larger and fewer in number, corre- 
sponding to the 'perforating fibres which pierce adja- 
cent lamellse in perpendicular and oblique directions, 
and bolt them together. 

Ossification in Membrane. — The roof of the 
skull is ossified from membrane, ^.6. the parietal, 
greater part of the frontal, part of occipital, sphe- 
noid, and temporal, and some of the smaller bones. 
The base is formed from cartilage. Growth of 
bone takes place by the ossification of the inner 
layer of the periosteum. When the- tissue in which 
ossification is proceeding is examined by a high 
power, it appears to be made up of fibres and cor- 
puscles, with fine granular uniting matter. The 
corpuscles are large and granular, with well-marked 
nuclei. Ossification proceeds by a deposit of lime- 
salts in the finely granular uniting material sur- 
rounding the corpuscles, the spaces occupied by the 
corpuscles forming the lacunae, and the blood-vessels 
imprisoned in a similar manner forming the Haver- 
sian canals. 

Ossification in Cartilage. — In a long bone ossi 
fication begins in the centre, and afber wards sepa- 
rate centres appear, forming the epiphyses which 
subsequently join the shaft. 



34 PHYSIOLOGICAL HISTOLOGY. 

On examining a longitudinal section of bone 
undergoing ossification, it will be found that the 
first indication of the commencing process is, that 
the cartilage cells, at first scattered irregularly 
through the matrix, begin to arrange themselves in 
columns parallel to the long axis of the bone. 
Blood-vessels shoot up in loops between these co- 
lumns, and lime-salts are poured out and precipitated 
in the matrix. As the deposit of lime proceeds it 
shuts in portions of the columns of cells and forms 
short fusiform spaces. The cartilage cells impri- 
soned within the fusiform cavities disappear, and 
the cavities become lined by corpuscles similar to 
those seen in intra-membranous ossification. These 
corpuscles are either descendants of the cartilage 
cells, or are leucocytes derived from the blood. The 
first bone formed is very vascular, and consists of 
fusiform spaces with bony walls, and filled in part 
with large granular cells. These spaces soon com- 
municate with one another, and a tissue resembling 
cancellous tissue is produced. Finally, part of this 
newly-formed tissue disappears to form the medul- 
lary cavity, and part remains to form cancellous 
tissue, while osteo-blasts, or corpuscles, lining the 
spaces become imbedded in calcified material form- 
ing the compact tissue, which is also formed, as the 
bone grows, by the ossification of the inner layer of 
the periosteum. 
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MUSCLE. 

There are two varieties of muscular tissue in the 
body. 

I. Striated muscular fibre. 
II. iNon-striated muscular fibre. 

l; Striated Hnscolar Fibre is found in the 
muscles attached to bone, such as the biceps, dia- 
phragm, masseter, also in muscles x>f tongue, soft 
palate, pharynx, larynx, upper part of oesophagus, 
platysma, sphincter vesicse, muscles of prostate. For 
the most part muscles, which are under the control 
of the will, are striated, though exceptions are found 
in the constrictors of the pharynx, oesophagus, heart, 
&c. Striped muscle is of a dull red colour, and 
marked with longitudinal furrows on its surface. 

A voluntary muscle consists of 

1. Connective tissue sheath. 

2. Fasciculi. 

3. Fibres and sarcolemma. 

4. Discs, fibnllse and sarcous elements. 

1. Sheath. — Each muscle has its sheath of con* 
nective tissue which surrounds it and binds the 
fasciculi together, and is called the perimysium ; it 
sends fine prolongations in between the fibres called 
the endomysium. 

2. FaBCiculi. — ^The longitudinal furrows seen, 
on the surface of the muscle, -wlafcn ^i^'^ ^^«^ Ss^ 
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removed, divide the surface into divisioiis called the 
fieuBciculi These divisions are coarse in the gluteus 
maximus, deltoid, and other powerful muflclesy while 
others, as the feudal muscles, have fine fasciculi. 

3. ribres. — ^The fibres may readily be seen by 
teasing out a piece of muscle (which has been mace- 
rated in alcohol or ammonium bichromate) ulider a 
low power. They are jnismatic in section, fixim 
?vir ^ ^hv ^' diameter, and are marked trans- 
versely with dark strise, close together, and at 
regular intervals. Oval, elongated nuclei are seen 
in the fresh muscle of the frog when treated with 
acetic acid. They are also present in mammalian 
muscles, being situated near the surface of the 
fibres, beneatii the sarcolemma. 

Saroolemma. — The fibres are surrounded by a 
delicate homogeneous elastic sheath, which can be 
readily seen in prepared muscle of frog and water 
beetle, less readily in man, called the sarcolemma ; 
under favourable circumstances transverse membra- 
nous septa will be seen, which are connected with 
the sarcolemma and cross the fibre in the inter- 
vals between the dark strise, dividing the muscle 
into compartments (each containing a disc), called 
Krause's membranes. 

4. Discs. — If the living muscle of the water 
beetle (Hydrophilus) be examined under a high 
power, the appearance of transverse striie will be 
seen to lie due to alternate dark and clear discs, the 
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former highly refractive, the latter less so. The dark 
strise form the contractile discs, the light the inter- 
stitial disc, the latter taking no part in the contrac- 
tion of the muscle. A contractile disc occupies one 
of the compartments formed by Krause's membranes. 

EibriUse and Sarcous Elements. — If muscle be 
examined after death, especially if it has been 
soaked in alcohol or chromic acid, the fibres will be 
seen to be split up longitudinally into smaller fibres 
or fibrillae, and these again divide transversely so 
as to form minute bodies, the sarcous elements of 
Bowman. 

Schafer has described in the muscle-fibres of the 
water-beetle the dark cross strise, or the contractile 
discs mentioned above, to consist of minute rods 
arranged side by side in the long axis of the fibre, 
their ends being enlarged into minute knobs. 

Cardiac Hnscular Fibre differs from ordinary 
striated muscle in having very faint cross stripes 
and no sarcolemma ; the fibres ai*e also branched. 
If the fibres are acted on by osmic acid, they are 
seen to consist (in mammals) of oblong nucleated 
cells, some being forked at their extremities, and 
jcHned end to end. 

II. Non-Striated Huscnlar Fibre is pale in 
colour, is not under voluntary control, and consists 
of bundles of contractile cells. It is found in many 
parts of the body — ^walls of stomach and inteatiskfi^^ 
blood-vessels, trachea, cesopliagVL^) dMc\», Ssr^s^, Ub.. 

E 
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The cells are elongated or spindle-shaped, with an 
oblong rod-shaped nucleus. They vary in length, 
and are ^^nn^ ^* ^ Trnnr ^* ^ breadth. The cells 
are held together by a transparent semi-fluid ce- 
ment substance. 

Properties of Husciilar Tissue. 

Chemical. — If living contractile muscle of frog 
be freed from blood, and subjected to compression, 
or frozen and pounded with snow containing 1 p. c 
of salt, a fluid termed mtbsde-plasma is obtained, 
which, like blood, coagulates into clot and serum. 
The clot, which is granular and flooculent, is myo- 
sin, and the serum contains albuminates, and nitro- 
genous principles, as kreatine, xanthine, &c., also 
sarco-lactic acid, inosite, glycogen, and salts. Myosin 
resembles globulin in many respects ; it is converted 
into syntonin or acid albumen by the action of adds, 
and into alkali albumen by alkalis. Bead musde 
contains myosin, which can be dissolved out by a 
10 per cent, solution of sodium chloride. Living 
muscle contains no myosin, but substances which 
are converted into myosin at the death of the 
muscle. Living muscle is alkaline or neutral ; dead 
muscle is acid frt)m formation of sarco-lactic acid. 
Living muscle contains glycogen, which, at its death, 
is converted into sugar. 

Electrical muscle-currents. — Living muscle, like 
nerve, is traversed by electrical currents. If a 
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piece of living muscle be placed upon electrodes 
(non-polarisable, i.e., so arranged as to prevent the 
electrodes themselves from developing currents when 
in contact with the muscle), connected with a deli- 
cate galvanometer, it will be noticed that an elec- 
trical current passes through the galvanometer from 
the equator or some point on the surface of the 
muscle to the cut end; the greatest deflection 
taking place when the electrodes are placed one at 
the mid-point of the surface and the other at the 
cut end. A current will pass in the opposite direc- 
tion from the cut end to the mid-point in the muscle. 
The current ceases as the muscle dies. 

Contractility. — Both muscle and nerve in a 
living state are irritable, that is, they respond whed 
a stimulus is applied. The muscle responds by 
contracting, the nerve by transmitting the stimulus 
to its termination. This contractility is the cha- 
racticristic property of muscle. If a muscle of a 
recently killed frog be laid bare, and any form of 
stimulus applied, such as the electrodes of a battery 
or coil, a hot wire, a diemical substance, or a me- 
chanical injury, it will be thrown into a state of 
contraction. The stimulus may be applied to muscle 
itself, or to a nerve in connection with the muscle. 

If the electrodes of an induction coil be laid on 
the sciatic nerve of a frog, and a single induction- 
shock (either making or breaking) be made, th.<& 
gastrocnemius will give a diort B!b»x^ eox^x^^VKssv^ 
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If the muscle be attached to a lever arranged to 
record its movements on a revolving drum, a curve 
will be produced, the lever rising during contraction 
and falling during relaxation. The figure traced is 
the rrmsde curve. The time occupied in tracing the 
curve can be measured by a marker in contact with 
a drum, transmitting the vibrations of a tuning-fork. 
With a suitable arrangement of the above appa- 
ratus, the curve will demonstrate three facts : — 

1. The ' latent period ' — Le., a short time, say 
y^wth second, elapsing after the entrance of the shock 
into the nerve before the lever begins to rise. This 
latent period is occupied by (a) passage of nervous 
impulse along nerve, (6) certain changes taking place 
in the muscle itself before it begins to contract. 
The former varies according to length of nerve, the 
nei-ve impulse travelling at the rate in the frog of 
about 28 metres per second. The latter consists of 
some molecular changes in the muscle which occupy 
about xiifth second. 

2. A period of contraction. 

3. A period of relaxation. 

Tetanus. — If single induction-shocks follow one 
another slowly, a succession of curves are recorded 
on the drum. But if they are made to follow 
quickly, as when produced by the * magnetic inter- 
rupter,' the muscle remains in a constant state of 
contraction known as tetanus. 

Change in Form. — ^When a muscle contracts. 
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it shortens — ^that is, its ends come nearer together, 
while the muscle itself becomes thicker; but there 
is no change of bulk : what it loses in length, it 
gains in thickness. 

Chemical Changefl during Contraction. — (1) 
Muscle is normally neutral or faintly alkaline; 
when it contracts it becomes acid, the acidity being 
due to the formation of sarco-lactic add. (2) Car- 
bonic acid is set free, not accompanied by a corre- 
sponding consumption of oxygen. Probably some 
complex body splits up, producing these two acids. 
(3) Oxygen is used up. Living muscle is con- 
stantly consuming oxygen, but more carbonic acid 
appears than can be accounted for by oxygen used. 
Other changes doubtless take place, of which little 
is known. 

Negatiye Variation of Muscle Current — 
Whenever a muscle contracts, a change takes place 
in its electrical current. If a muscle when at rest, 
arranged so as to show its normal current, be made 
to contract or enter into a state of tetanus, the 
normal current will undergo diminution during the 
contraction. By refined methods it has been shown 
that the negative variation occurs during the ' latent 
period ' of stimulation. 

Production of Heat during Contraction. — 
Venous blood coming from an active muscle is 
warmer than blood from muscle in state of rest. 
The gastrocnemius of frog shows an vwj?c%»«»<b <i^ 

E 3 
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about one-tentli of a degree C. for each contractio 
The heat developed depends to some extent on the 
work done. 

Production of Sound during Contraction. — A 
sound is emitted from a muscle during contraction. 
By placing the ear over a contracting muscle a deep- 
toned sound will be heard. 

Elasticity of Muscle. — Living muscle is elastic ; 
its elasticity is small, but very perfect. The muscle 
will elongate easily under the influence of weights, 
and will return on their removal to its former length. 

Bigor Mortis. — Muscle on dying becomes rigid, 
but is again relaxed when putrefaction commences. 
Its tonicity has disappeared, so that on section it 
will not retract. It cannot readily be extended, 
and when extended does not return to its normal 
length. It has lost its translucent appearance, and 
become opaque; its nerve-currents have disappeared. 

The chemical changes consist in the formation 
of myosin, sarco-lactic and carbonic acids. In the 
human corpse rigor mortis sets in from seven to 
twenty-four hours after death, and lasts horn, twenty- 
four hours to several days. As a rule, when it 
comes on slowly it lasts long. It first affects the 
muscles of neck and jaw, then the trunk, upper 
extremities, and lower limbs. In exhaustion of 
muscular power prior to death, as in animals hunted 
to death, or soldiers killed late in an engagement, 
rigor mortis sets in very rapidly. 
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Effects of HuBCiilar Exercise. 

1. On the Lungs. — ^Elimination of Carbon. — 
The most important effect of muscular exercise is 
to increase the number of the respirations, and 
thereby the quantity of air passing in and out of the 
lungs^ leadiog to an increased absorption of oxygen 
and elimination of carbonic acid. An adult, under 
ordinaiy circumstances, during inspiration draws 
in 480 cu. in. per minute ; if he walk four miles an 
hour, he draws in five times as much, or 2,400 cu. 
in. ; if he walk six miles an hour, he draws in seyen 
times as much, or 3,260 cu. in. Probably the ex- 
cessive absorption of and formation of CO2 takes 
place in the muscles. For effects of exercise on 
CO2 given off during respiration, see p. 102. 

2. On the Circulation. — The increased work 
performed by the muscles requires increased ac- 
tivity on the part of the heart, to keep up the 
supply of arterial blood. The amount of increase 
is usually from 10-30 beats during exercise. After 
exercise, the heart's action becomes slower. Exces- 
sive exertion may lead to hypertrophy of the left 
ventricle. 

3. On the Skin. — The minute arteries of the 
skin become dilated, the perspiration is increased, 
more water, salts, and acids pass off from the 
system. The amount of perspiratvoTi ixi«b^ ^i^ Ts^ax^ 
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than double the usual amount. The evaporation 
reduces the temperature of the body, which would 
tend to rise. There is danger of a chill after the 
exertion is over, the skin still remaining wet while 
the heat of the body has declined. 

4. On the Volnntary Mnscles. — The muscles 
grow and become firmer in substance. If, how- 
ever, the exercise be excessive, after growing to a 
certain extent, they will waste. 

5. On the Digestive System. — The appetite 
increases with exercise, especially for meat and fats ; 
this is doubtless the result of the wear and tear of 
the muscles and the increased elimination of car- 
hon. Digestion is more perfectly performed, and 
the circulation through the liver and portal system 
quickened. 

6. On the Kidneys. — The water of the urine 
and the salts are probably lessened in consequence 
of the increased perspiration. It has been shown 
by various observers, including Parkes, that during 
active exercise the urea in the urine is not increased, 
but active exercise is followed by an increased ap- 
pearance of urea. It appears therefoi^ that to a cer- 
tain extent muscular exercise increases the elimina- 
tion of urea, the urea making its appearance in the 
period of rest succeeding the exercise. 

7. On the Temperature. — The temperature will 
not be increased ; the extra consumption of O and 
the friction of the muscles tend to raise the tern- 
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perature, but the evaporation from the surface of 
the skin will prevent much increased heat of body. 

SKIN 
Consists of — 

1. Epidermis or dermis. 

2. Dermis, corium or cutis vera. 

3. Sweat glands, nails, hairs, and sebaceous 
glands. 

1. The Epidermis forms a protective covering 
over the surface of the body. It consists of a 
stratified layer of epithelial cells. The cells nearest 
the surface ai'e flat and dry, those in the deepest 
layers are round and moist, while those occupying 
an intermediate position become more and more 
flattened as they approach the surface. The term 
horny layer is given to the layer of cells nearest the 
surface, while the deep layer of round cells is called 
the rete muoosum. Pigment, when present in the 
skin, is contained in the rete mucosimi. The cells 
of the homy layer will not stain with carmine or 
logwood, but are coloured by picric acid ] the cells 
of the deep layer are readily tinted by ordinary 
staining fluids. The epidermis is evascular, contains 
no nerves, and is perforated by the ducts of the 
sweat glands. 

2. The Dennis, or true skin, is made up of an 
interlacing network of connective tissue^ fows^^ 
of white fibrous tissue, yellow eVfii»t\fi \As»wft, ^iw«^- 
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pnscles, vessels, and nerves. In some parts of the 
body, as in the skin of the scrotum, perineum, 
penis, the cutis vera contains unstriated muscular 
fibres. There are also small muscular fibres in con- 
nection with the hair follicles. Beneath the skin 
the subcutaneous tissues contain abundant adipose 
tissue. Numerous fine ridges are seen on the sur&ce 
of the skin of the palm of the hand and sole of the 
foot. The ridges are caused by rows of little eleva- 
tions of the cutis vera termed papillce. These little 
eminences are more or less conical, or sometimes 
dub-shaped ; they may be compound, and contain 
a capillary loop, nerve, and touch corpuscle ; they 
project into the epidermis, and by raising it up as 
it were, form a ridge on the surface of the skin. 
They serve to increase the sensitiveness 'of the part, 
lodging a touch corpuscle in a favourable position 
for receiving sensations of touch. 

Sweat Glands are situated in the subcutaneous 
tissue, and consist of a fine tube which forms the 
duct, its blind extremity being coiled up like a ball, 
and surrounded by a plexus of capillaries to form 
the gland. The duct is twisted like a corkscrew, 
and widens slightly at the orifice. The gland is 
lined by secreting epithelium. Each tube, if un- 
coiled, is said to measure ^ inch. 

Nails. — The nail consists of a root, body, and 
lunula. The root is that part of the nail which is 
covered by the skin, the body the external part, and 
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the lunula is the whitish portion of the body near 
the root where the skin beneath is less vascular. 

Structure. — The nail closely resembles the 
epidermis, and is, in fact, a modification of that 
structure, consisting of hard and thin layers of cells 
on the surface, and round moist cells beneath, cor- 
responding to the rete mucosum. 

Posteriorly the nail fits into a groove which 
lodges its root. The- part of the cutis vera to which 
the nail is attached is called the matrix, and is pro- 
vided with large papillae. 

Hairs consist of a shaft and root. The shaft of 
the hair is cylindrical, and covered with a layer of 
imbricated scales, arranged with their edges upwards. 
The substance of the hair consists of fibres, or elon- 
gated fusiform cells, in which nuclei may be dis- 
covered There are also present in some hairs small 
air spaces, or lacunse. In the coarser hair of the 
body there is a medulla, or pith, which is occupied 
by small angular cells and fine fat granules. The 
root of the hair swells out into a knob, and fits into 
a recess in the skin, called a hair follicle. 

The follicle consists of two coats, an outer, or 
dermic coat, continuous with the corium, and an 
inner, continuous with the epidermis, and called 
the root sheath. The outer, or dermic coat, is 
formed of connective tissue, and is supplied by 
numerous vessels and nerves. It is separated from 
the root sheath by a homogeneoufi mem^ot^wfe. ^^>aa 
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vaneXj or epidermic coat, comes away when the 
hair is pulled out, and hence is. called the root 
sheath. It is made of two layers, the outer root 
sheath and inner root sheath. The otjUer rod 
sheath corresponds with the rete mucosum, and is 
thicker than the inner, and is composed of large 
round cells. The inner root ahetUh corresponds 
with the homy layer. It is composed of flattened 
cells. The deeper cells of the inner root sheath 
form what is called Huxley's layer. 

The bulbous root of the hair fits on to a pa- 
pilla, which is very large in the tactile nasal hairs 
of the cat. Small bundles of involuntaiy mus- 
cular fibres connect the corium with the root of 
the hair, so that in contracting they elevate the 
hair. 

The Sebaceous Glands consist of a small duct, 
which opens into the hair follicle, and is connected 
by its other end with a cluster of saccules lined 
with epithelium, which secrete fatty matters. 

The Perspiration is a clear acid colourless fluid 
with a peculiar odour. It contains nearly 2 p^ 
cent, of solid matter. The amount must vary very 
considerably according to season, exercise taken, or 
fluid ingested. On an average there is about thirty 
ounces lost by the skin, though under exceptional 
circumstances the same amount might be lost in an 
hour. The sweat is constantly being exhaled from 
the body, either insensibly, or it collects in drops 
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upon the skin, which gradually evaporate. The 
sweat consists of — 

1. Salts. 

2. Fatty acids. 

3. Fats. 

4. Nitrogenous bodies. 

The salts consist of sodium and potassium 
chlorides. The acids of acetic, butyric, formic, &c. 

The nitrogenous bodies include urea, ammonia, 
and other more complex bodies. It is \mcertain 
how much urea is excreted by the skin, if, indeed, 
any is, under normal circumstances. 

According to some, 100 grs. of nitrogenous 
material are thrown off by the skin daily. A 
certain quantity of CO2 is given off by the skin, 
though probably small ; being ^^^th of that given 
off from the lungs. Babbits which have been 
covered with an impermeable vailiiish soon die. 
They become quickly cool, and have albuminuria. 
These effects are probably due to the absorption or 
non-excretion of the sweat, and to rapid loss of heat 
from dilatation of the cutaneous vessels. 

Absorption through the skin may take place 
under exceptional circumstances. Mercury, arsenic, 
and many other reagents are absorbed by the skin 
when rubbed on the surface. The skin will absorb 
iodine if exposed to steam impregnated with that 
reagent, the iodine being again excreted by tbs^ 
urine. 
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SECTION in. 

THE BLOOD. 

The blood, as it exists in the living body, is a red 
homogeneous alkaline fluid, of saltish taste and 
faint odour, and S. G. 1052— 1058. It consists of 
minute solid bodies, the corpuscles, floating in a 
liquid — the liq. sanguinis. 

When drawn fix>m the blood-yessels coagulation 
takes place, fibrin is formed, and a separation takes 
place into clot and serum. 
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If the blood, as it flows from the blood-vesselsy 
be stirred with a stick, so as rapidly to cause 
coagulation, we have — 
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Red Corpuscles — Human red corpuscles are 
circular biconcave discs of ^^Vir ^' ^ diameter. 
Examined singly with a power of 300 they are of a 
yellowish colour, and present a light transparent 
centre surrounded by an opaque rim or vice versd 
according as the centre or edge is brought into 
focus. Examined edgeways their biconcaye shape 
will be readily seen. They have no nucleus or 
limiting membrane. The red corpuscles of mammals 
resemble those of man ; the elephant has the largest, 
^j^ in. ; the musk deer the smallest, ^-^Vir ^^' 
They are oval in the camel tribe. In birds, reptiles, 
amphibians, and fishes, the coloured corpuscles are 
elliptical discs, the proteiis having the largest, ^^ 
^' ^y iiru ^' f *^®y have also a prominent central 
nucleus. The red corpuscles are soft in structure, 
elastic, and while pressure changes their shape, they 
readily regain it. When examined shortly after 
being drawn from the vessels, they adhere together 
by their surfaces, and appear like rolls of coins. 

Effects of Eeagents — Salt Solutioii. — When 
human blood is diluted with f per cent, salt solution, 
serum, or other saline solution, the red corpuscles 
lose their sharp circular outline, minute prominences 
appear on the surface, and they assume an appear- 
ance termed ' horsechestnut-ahaped * from their re- 
semblance to the prickly fruit of the horsechestnut. 

Carbonic Acid. — If the horsecheatnwife-^ViJK^^ 
corpuscles be treated with carbomc SkCA.^ ^^^s.-* ^«i 
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again become smooth, though they do not r^m 
their original biconcave form, but are more or less 
concavo-convex. 

Tannic Acid. — ^If the horsechestnut-shaped oo]> 
puscles are treated with 2 per cent, tannic add, 
their hsemoglobin separates itself from the stroma 
of the corpuscles, and is extruded in drop-like 
masses. 

Boracio Acid. — In newt's blood, treated with 2 
per cent, boradc acid, the nucleus becomes of dewier 
colour at the expense of the disc, and a fine network 
of fibrils is displayed, which pervades both disc and 
nucleus. This fine network is occupied normally 
by hsemoglobin and a homogeneous insterstitial sub- 
stance. 

Water makes the corpuscles swell up and lose 
their hBemoglobin, their outline becoming very faint 

The red corpuscles contain — 

1. Haemoglobin. 

2. Globulin. 

3. Salts. 

4. Gases. 

5. Water. 

HeBmoglobin contains C.H.O.N.S.Fe., and forms 
90 per cent, of (dried) red corpuscles. It is soluble 
in water and serum, crystallising in man and many 
mammals in elongated rhombic prisms, octahedral 
in the guinea-pig, and hexagonal in the squirrel 
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It can be obtained in crystals from the guinea-pig, 
dog, rat, or mouse, but with difficulty from the blood 
of sheep, ox, or pig. 

Preparation, — The hsBmoglobin is made to leave 
the corpuscles by shaking with ether or by alter- 
nately freezing and thawing the blood. The blood 
is thus rendered translucent or * laky ' ; one quarter 
of its bulk of alcohol is added, and it is placed in 
a temperature of 0** C. to crystallise. 

Haemoglobin exists in the human blood in two 
forms, one in loose combination with oxygen — oxy- 
hsemoglobin — ^and the other as reduced hsemoglobin. 
If oxy-heemoglobin be acted upon in solution with 
a reducing agent, as an alkaline solution of ferrous 
sulphate and tartaric acid, it is reduced and becomes 
of a purplish red colour. Oxy-haemoglobin gives 
in the spectrum two narrow dark bands in the 
green, reduced haemoglobin a single broad dark 
band intermediate in position between the two 
Haemoglobin readily decomposes, forming haematin 
and globulin. Haematin forms with HCl a com- 
pound called haemin, which crystallises in minute 
rhombic prisms. Haemoglobin gives a characteristic 
blue colour when treated with tr. guaiaci and solu- 
tion of peroxide of hydrogen. 

2. Olobulin or Paxaglobnlin. See Coagulation. 

3. Salts. — These amount to 1 per cent, of the 
dried solids, the principal salts being those o€ 
potassium and phosphates. 

F Z 
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4. Oases. — Oxygen loosely combines with the 
hsBmoglobin. Nitrogen in small quantity. The 
existence of carbonic acid gas in the corpuscles is 
uncertain; by flu* the greater part exists in the 
serum. 

5. Water forms 56*5 per cent, of the oorpusdes. 
Origin of Bed Corpuscles. — ^In the embryo — 1. 

From cells in the vascular area of mesoblast. 2. 
By division. 3. From white corpuscles. AduU — 
From white corpuscles ; transitional forms exist in 
medulla of bone and spleen. 

Fate of Eed Corpuscles. — Probably broken up 
in spleen. Bjemoglobin probably forms bile-pig- 
ments. 

White Corpusc?les or Leucocytes. — The white 
corpuscles in human blood are spheroidal, finely 
granular 'masses of ^-^^ inch in diameter. Some 
of them are less, being smaller than the red corpus- 
cles. They have no cell wall, and their substance 
consists of protoplasm. According to Heitzmann, 
their granular appearance is due to a fine intercel- 
lular network having small dots at the intersections 
of the network. In the meshes of the network 
there is a hyaline substance. They possess one or 
two nuclei, which are readily brought out by acetic 
acid. When examined in a fresh state, especially 
if placed on a warm stage, they exhibit spontaneous 
change of shape like the amosbse, these movements 
being termed amosboid. The movements consist in 
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a protrusion of processes of protoplasm, which are 
retracted and other processes protruded. 

Both in human and newt's blood there are some 
oolonrless corpuscles which contain coarser gra- 
nules ' than others ; these are called grantUar cor- 
puscles. The white corpuscles will take up coloured 
foreign particles, as yermilion. They are found in 
various tissues of the body, as in the meshes of the 
retiform tissue of lymphatic glands, tonsils, solitary 
glands, &c. In inflammation they pass through the 
walls of the capillaries into the tissues. They are 
present in the blood in the proportion of 1 per 300 
red corpuscles after a meal, and 1 per 800 during 
fasting; they are much more numerous in some 
diseases, as in leuoocythsBmia. 

Composition : — 

1 . Several albuminous substances. 

2. Lecithin and glycogen. 

3. Salts, mainly potassium and phosphates. 

4. Water. 

Origin. — Probably from the lymphoid tissues of 
the body, ie., lymphatic glands, solitary glands, 
spleen, &c,, by division of the leucocytes existing 
there. The thoracic duct and lymphatics are 
constantly pouring white cells into the blood, 
derived from the mesenteric and other lymphatic 
glands. 

Pate. — They are converted into red corpuscles. 
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During inflammation they pass through the capiW 
larj walls, and are converted into pus-oells ; it is 
also probable they are utilised in other ways than 
in forming pus, possibly being converted into the 
cell-elements of new tissues, or taking the place of 
worn-out cells throughout the body. 

LiQ. SANGUINIS is a clear yellow alkaline fluid in 
which the corpuscles float. It may be obtained by 
allowing the slowly coagulable blood of the horse to 
stand in a tall vessel surrounded by ice. The tem- 
perature of 0^ C. prevents coagulation^ the oorpos- 
cles subside, and the clear fluid may be removed by 
pipette. Its composition may be described as seram 
plus the elements of flbrin. 

Sebum. — When blood has coagulated, and the 
clot separated, a thin yellow transparent alkaline 
fluid is left of S.G. 1028. 

It consists of — 

1. Albumin. 

2. Paraglobulin. 

3. Extractives. 

4. Fatty matters. 

5. Salts. 

6. Water and gases. 

1. Albumin exists in combination with the so* 
dium as an albuminate. It is in the form of BenuD" 
albumen, diflfering from egg-albumen in not being 
coagulated by ether. On boiling the serum, the 
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ftlbumen coagulates ; the fluid, after being deprived 
of its albumen, is called aerosity. 

2. ParSiglobiilin, one of the fibrin-factors, is 
present, all the fibrinogen disappearing during co- 
agulation. 

3. Extractives include kreatin, kreatinin, urea^ 
uric acid, and traces of grape sugar. 

4. Fatty Matters in minute division, and com. 
bined with sodiiuu as soaps. 

5. Salts, principally sodium salts, in combina- 
tion with 01 and CO2, smaller quantities of potas- 
sium and calcium phosphates and sulphates. 

6. erases. — CO2, partly free, and partly in com- 
bination with the sodium. 

GASES OF THE BLOOD. 
In 100 vols, of 

Oxygen. Carbonic add. Nitrogen. 
Arterial blood there are 20 vols. 39 vols. 1 or 2 vols. 
Venous blood „ „ 12 „ 46 „ 1 or 2 „ 

measured at 760 mm. and 0" C. 

Oxygen. — The greater part of the oxygen of 
the blood is in loose chemical composition with the 
haemoglobin, only a small part is simply dissolved. 
If water in which oxygen is simply dissolved be 
subjected to diminished pressure in a mercurial air- 
pump, the gas begins to be given off immediately 
the pressure is reduced, and the amount di8en!^^<^^ 
is proportional to the pressure*, m o^i^^ftx n^cpc^^'* "^ 
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is said to follow DaJton's law. But if arterial 
blood be submitted in like manner to diminished 
pressure, no oxygen will be given off tiU the pres- 
sure sinks to ^ of an atmosphere (125 mm.). 
The gas is then rapidly given off, and the blood be- 
comes dark. 

Carbonic Acid. — The gas does not combine with 
hsemoglobin, but is present in the blood (a) dis- 
solved in the serum, (5) major part in combination 
with sodic carbonate, forming a hydro-eodic ca^ 
bonate. Volume for volume, serum yields as much 
carbonic acid as blood. 

Nitrogen. — This gas is simply dissolved in the 
serum. 

COAGULATION OF THE BLOOD. 

Blood drawn from a living animal into a beaker 
first becomes viscid and then is converted into a 
jelly. This jelly is the same bulk as the previous 
blood. Finally, the jelly contracts, forming the 
clot, and a yellow clear liquid, the serum, oozes out. 
In man blood becomes viscid in two or three 
minutes, forms a jelly in five or six minutes later, 
and a few minutes later still the serum begins 
to appear. In the horse coagulation goes on more 
slowly, so that the corpuscles have time to «ink 
before the jelly stage is reached ; so that a yellowish 
stratum is formed on the top, free from red cor- 
puscles, but containing white, called the ' bufij coat.' 
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This buffy coat appears in human blood in certain 
inflammatory conditions. 

Many circumstances favour or postpone the 
•coagulation of the blood. The principal are 

Circumstances favouring Coagiilation. 

1. Contact with foreign matter. 

2. Moderate temperature, 100° to 120° F. 

3. Stasis of blood in the vessels, or injury to 
the lining membrane. 

Circumstances retarding Coagulation. 

1. Contact with lining membrane of the blood- 
vessels. 

2. Cold 0° C. indefinitely postpones. 

3. Addition of neutral salts, or the caustic 
alkalies. 

The immediate cause of coagulation is the for- 
mation of fibrin, of which blood yields about *2 per 
cent. Fibrin is formed by the union of two albu- 
minous bodies present in the blood — paraglobulin 
and fibrinogen. A third body, supposed to be of 
the nature of a ferment, is essential, or at any rate 
favours the process. 

Pibrin. — This substance may be obtained by 
stirring some freshly-drawn blood with a stick or 
bundle of twigs. It is a white stringy body, in- 
soluble in water or alcohol, soluble in alkalies, 
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lactic, phosphoric and acetic acids. H.Cl oonveits 
it into syntonin. 

Paxaglobulin may be obtained from serum of 
diluted liq. sanguinis, by passing through it a sixeam 
of CO^ or saturating it with NaCl. It is thrown 
down as a granular white precipitate. 

Eibrinogen may be obtained in a similar manner 
by passing CO2 through hydrocele or pericardial 
fluid, or saturating with NaCl. 

The Eerment is obtained by adding defibrinated 
blood to twenty times its bulk of alcohol ; a preci- 
pitate of albuminous bodies with the ferment is 
thrown down. Distilled water dissolves out the 
latter, and if added to a solution containing 
fibrinogen and paraglobulin, coagulation quickly 
ensues. 

Contact with foreign matter quickly determines 
coagulation, while contact with the endothelium of 
the blood-vessels exercises a restraining influence. 
If the jugular vein of a horse be ligatured at both 
ends and cut out, the blood will remain fluid for 
one or two days, but will clot on being withdrawn. 
Blood will remain fluid for several days in the 
excised heart of the turtle. Horse's blood aUowed 
to stand surrounded by ice will remain fluid in- 
definitely. Blood drawn into a saturated solution 
of sodic phosphate will remain fluid, but will dot 
if diluted. The share taken by the corpuscles in 
coagulation is uncertain. Fluids containing white 
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corpuscles clot more firmly and quickly than those 
containing red only. 

Amoimt of Blood in Body. — ^Probably about 
•^th of the body- weight as estimated by the haemo- 
globin of the blood. 
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SECTION IV 

THE CIRCULATION. 

The circulation is carried on by means of the— 

1. Heart, beating about seventy per minute^ 
alternately receiving blood from the venous system, 
and discharging it into the pulmonary artery and 
aorta. 

2. Arteries, with elastic and muscular walli^ 
forming channels for the blood to the system, assist- 
ing the heart in maintaining the circulation, and 
regulating the supply of blood to different parts. 

3. Capillaries.— Canals of minute calibre, with 
thin permeable elastic walls, allowing both liq. san- 
guinis and white corpuscles to pass through thdr 
walls into the siurounding tissues. 

4. Veins, forming channels back to the heart, 
provided with muscular walls and valves, and being 
sufficiently capacious to hold the total blood of the 
body. 

THE HEART. 

The heart consists of four chambers with con- 
tractile walls, situaticd in the chest, and surrounded 
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by a fibro-serous sac — ^the pericardium in which it 
works. 

The Pericardium.-— This membranous sac is 
attached below to the diaphragm, while its upper 
and narrower part surrounds and is attached to the 
great vessels connected with the base of the heart. 
It consists of an external fibrous layer, and an inter- 
nal serous sac. The fibrous layer is a tough dense 
membrane, attached below to the pentral tendon and 
muscular fibres of the diaphragm; above it is 
attached to the great vessels, and is continuous with 
their external coats. The serous covering consists 
of a parietal layer, which is united to the inner 
surface of the fibrous layer, and a visceral, which is 
reflected round the great vessels inclosing the aorta 
and pulmonary artery in a common sheath. In 
structure the serous layer resembles other serous 
membranes. 

(General Description of the Heart. — In form, 
the heart resembles a cone, its hose being directed 
upwards, backwards, and to the right, its apex 
downwards, forwards, and to the left. In part it 
is covered by the lungs, especially during inspira- 
tion. Its apex beat is felt at the fifth intercostal 
space, two inches below the nipple, and one to the 
inner side of left nipple line. In order to map the 
outline of the heart on the chest wall, define the 
hose by drawing a transverse line across thA^^Yoams. 
corresponding with the upper "border oi >i>QlYcd. ew&^a^ 
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cartilages, continuing it ^ in. to right of sternum, 
and 1 in. to left. Lower border, — ^Draw a line from 
apex beat through stemo-xiphoid articulation to 
right edge of sternum. Right border. — Continue 
last line with an outward curve to join right end 
of base line. Left border, — Draw a line curving 
to left (inside nipple) from apex beat to left end of 
base line {Holden). 

CavitieB of Heart.' — The heart contains four 
chambers, two auricles and two ventricles. 

The Eight Auricle receives the blood from the 
superior and inferior vensB cavse at its upper and 
lower posterior angles. The septum between the 
two auricles forms the posterior wall, and presents 
ihid fossa ovalis (the remains of the foramen ovcUe), 
which is surrounded by a border (except below), the 
anntdus ovalis. Between the two orifices of the 
vensB cavse is the tubercle of Lower y and in front of 
the opening of the inferior vena cava is the Eusta- 
chian vaihe. The corona/ry vein opens into the 
auricle between the inferior cava and auriculo-ven- 
tricular opening, and is guarded by the valve of 
Thehesitbs. The auricular appendix is a tongue- 
shaped appendage, which projects from the anterior 
angle, and covers the root of the aorta. The cavitj 
of the auricle is smooth, except that of the auricular 
appendix, which presents the muscular bands called 
vwasculi pectinati. The openings into the right 
auricle are the following : — 1. Openings of ven» 
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cavse ; 2. auriculo-ventricular opening ; 3. orifice of 
coronary sinus ; 4. openings of one or two small 
veins of right ventricle ; 5. foramina Thebesii, which 
are small depressions, some of them transmitting 
minute veins. 

The Eight Ventricle forms the right border and 
chief part of anterior surface of heart. At its base 
are two orifices guarded by valves, the awnctUo- 
ventricular and the pvhnonary artery. The inner 
surface presents muscular elevations termed co- 
IwmruB camecBy some of which are attached by their 
extremities to the wall of the ventricle, others in 
their whole length, while a third set are connected 
by their bases to the ventricular wall, and are con- 
nected by their other extremities to the segments 
of the tricuspid valves, by means of the chordoR 
tendinece. 

The Left Auricle is situated at the posterior part 
of the base of the heart. It receives two pulmonary 
veins on each side, and opens into the left auricle 
through the mitral valve. The interior of the left 
auricle is smooth like the right, its appendix pre- 
senting musculi pectinati. 

The Left Ventricle forms the lefb margin of the 
heart, the greater part of the posterior, and a small 
part of the anterior surface. Its walls are some 
three times as thick as the right ventricle, its mus- 
culi papillares are larger, and the chord» ^ttow^^. 
Like the right ventricle, it liaa two orvSvcfi^, aowrV.- 

Q 3 
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ciUo-veTUricular, guarded by the mitral^ and tlie 
aortic, guarded by the semilunar valves. 

Endocardium. — The internal membrane lining 
the heart closely resembles the lining membrane of 
the arteries. It consists of a single layer of tesBd- 
lated epithelium, with a coDnective tifisue layer 
beneath. 

Valves of Heart. — The mitral aiid tricuspid 
valves are situated at the auriculo-ventricular ori- 
fices, and prevent the passage of blood into the 
auricle during the ventricular systole. They consist 
of flaps or cusps, two in the mitral, and three in the 
tricuspid, connected by their bases to the auriculo- 
ventricular orifices; their free margins and lower 
surfaces give attachment to the chordae tendinee 
which connect them with the musculi papiUares. 
They are formed of a duplicature of the lining 
membrane of the heart, strengthened by connective 
tissue. Dining the ventricular systole, the pressare 
of the blood in the ventricles presses their free 
edges or rather their marginal surfaces together, 
the musculi papillares regulating the tension of the 
chords and preventing the valves from becoming 
retroverted into the auricles. 

The semilunar valves guard the aortic and pul- 
monary openings. They consist of three semi- 
circular folds attached by their convex mai^n to 
the wall of the artery at its junction with the 
ventiicle, and are formed of a reduplication of the 
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lining membrane strengthened by fibrous tissue. 
In the centre of each free margin is a little nodule, 
the corpus Arantii, the three meeting in the centre 
when the valves are closed. On each side of the 
corpora Arantii is a thin semilunar marginal surface, 
where the fibrous tissue is absent, called the lunula, 
these surfaces come in contact when the valves 
close. After the systole of the ventricles, the 
tension of blood in the aorta and pulmonary artery 
closes the valves by distending them and pressing 
the marginal surfaces together. The semilunar 
valves during the ventricular systole are pressed 
back against the walls of the aorta, and hence, 
according to Briicke, prevent the filling of the 
coronary arteries which arise from the sinus of 
Valsalva during the ventricular systole, the coronary 
arteries being filled after the closure of the valves 
and during the diastole of the ventricle. 

Sounds of the Heart. — First sound — Best heai^d 
at the apex beat. It is synchronous with the 
ventricular systole, commencing immediately the 
ventricle begins to contract, but ceases before its 
completion. It is louder, longer, duller, than the 
second sound. Various explanations have been 
given as to its cause, none of them are entirely 
satisfactory. 

1. Closure of auriculo- ventricular valves. 

2. Muscular sound of contraction of ventricles* 

3. Cardiac impulse against (^<e!^^ -^^^ 
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The second sound is short and sharp, is heard 
best at junction of 3rd costal cartilage with ster 
num, and corresponds to the closure of the semiluoar 
valves. Between the first and second sounds the 
pause is very short, but between the second and 
succeeding first the pause is longer, and is about 
equal in duration to the time occupied by the first 
and second sounds together. The sounds have 
been likened to the pronunciation of the syllableB 
lubb, diip. 

A Cardiac Eevolution. — ^A complete cardiac 
cycle includes the entrance of blood into the auricleB, 
the systole of the latter fiUiug the ventricles, and 
the ventricular systole propelling the blood into 
the pulmonary artery and aorta. During the 
pause after the contraction of the ventricles, the 
vei:8B cavse and pulmonary veins are pouring blood 
into the auricles. The auricular systole commences 
in the muscular fibres surrounding the great veins, 
the contraction running through vessels and auricles 
in a peristaltic wave, emptying the contents of the 
vessels into the auricle, and then emptying the 
auricle itself, the appendix being the last part to 
contract, the ventricles becoming filled. Reguigi- 
tation into the great veins is hindered by — 

(1) Peristaltic contraction of muscular walls of 
veins; 

(2) Aspirating power of thorax during inspira- 
tion; 
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(3) Yalves at junction of subclavian and internal 
jugular veins. 

Begurgitation into the coronary sinus is pre- 
vented by valve of Thebesius. Then follows imme- 
diately the ventricular systole; the ventricles become 
tense and hard, shorter and thicker; the heart 
twisting on its long axis strikes the chest wall, and 
ejects the contents of the ventricles (about 5 oz.) 
into the pulmonary artery and aorta. At the com- 
mencement of the V. systole the auriculo-ventricular 
valves close, and the semilunar open ; and at the 
termination of the systole the semilunar close and 
auriculo-ventricular open. The time occupied by a 
complete beat is slightly over a second. It will be 
divided in the following manner : — 

Contraction of auricles = ^ sec. 
Dilatation of auricles = ^ sec. 
Contraction of ventricles = f sec. 
Dilatation of ventricles = f sec, 

or. 



. Auricular systole 


— "5 sec. 


Ventricular systole 


= f sec. 


Pause 


= f sec. 



Endocardial Pressure. — Groltz and Gaule found 
the maximum pressure in the left ventricle of a dog 
amount to 140 mm. of mercury, 60 mm. in the 
right ventricle, and 20 mm, in ri^YxY» ».\jins3^^» "Vo^- 
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mediately after the systole a negative pressore 
of — 52 to ~ 20 mm. was observed in the left 
ventricle, in the right ventricle about — 17 w»w^ 
and in the right auricle — 12 to — 7 mm. While 
to some extent this negative pressure is due to the 
aspirating power of the thorax during inspiration; 
yet, as a considerable negative pressure is obserred 
after the chest is opened, it would appear that the 
suction-power or active dilatation of the ventridee^ 
and in a lesser degree the auricles, is of considerable 
service in canying on the venous circulation. 

THE ARTERIES. 
Structure. — ^The arteries have three coats — 

I Epithelial. 

1. Internal < Sub-epithelial. 

[ Elastic. 

o -M-jji f Muscular. 

2. Middle Ij.1^^.^ 

3. External — Connective tissue. 

1. Internal. — This coat may be readily stripped 
off the inner surface of the artery as a transparent^ 
colourless, elastic and brittle membrane. It is 
formed of — 

(a) An epithelial layer, consisting of a single 
layer of thin, elongated cells, with nuclei. 

(b) Sub-epithelial layer, composed of branching 
corpuscles lying in cell-spaces of homogeneous con- 
nective tissue. 
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(c) Elastic layer, consisting of a fine membrane 
marked with interlacing network of fibres and per- 
forated with roimd openings, and termed fenestrJEited 
membrane of Henle. 

2. Middle or Muscular. — In the small and 
medium-sized arteries the middle coat consists of 
pure non-striated muscular fibre, arranged trans- 
versely round the artery with only a slight admix- 
ture of elastic tissue. In the larger arteries yellow 
elastic fibre predominates, and indeed, the aorta 
consists of nearly pure yellow elastic tissue. 

3. External coat, or tunica adventitia, consists 
of fine connective tissue. 

Circulation in the Arteries. — At each ventri- 
cular systole some 5 oz. of blood are forced into an 
already overfilled aorta and arterial system; tiie 
effect of this being (1) to increase the tension in 
the arterial system and distend the elastic walls of 
the aorta and large arteries, (2) to send a wave im- 
pulse along the blood in the arteries which is gradu- 
ally lost before reaching the capillaries and which 
can be felt in the radial as the pulse. If the arteries 
were rigid tubes, the intermittent action of the heart 
would cause an intermittent flow of blood from the 
iGrteries to the capillaries. The eJffect of the ventri- 
cular systole is to distend the walls of the aorta, to 
store up force during the systole to be utilised in 
continuing the circulation during diastole, the recoiL 
of the elastic walls assisting to convert. ^3!aaYD^«c^s^- 
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tent blood stream into a continuous one. If a large 
vessel, as the carotid, is divided, an intermittent 
stream of blood flows out, but a wound of a small 
artery yields a steady stream. 

Arterial Pressure. — The pressure of blood in the 
arteries is measured by connecting the carotid arteiy 
of rabbit or dog with a (J'^^^P^^ *^lt)e containing 
mercury. If a float on the mercury be made to 
carry a small cameFs-hair brush or pen, the osciUa- 
tions of the mercury caused by the varying tension 
in the blood-vessels can be recorded by the brush or 
pen writing on a revolving surface. Such an a^ 
rangement is called a kymograph. The pressure in 
the arteries undergoes variations which correspond 
(1) with each systole of the left ventricle, (2) with 
the movements of respiration. The average pres- 
sure of the blood in the large arteries is greater 
than in the small. 

The pressure in the carotid of man probably 
amoimts to about 150-200 mm. (6-8 in.), in the 
aorta 250 mm. (9 8 in.), and in the brachial 110-120 
mm. (4'3-4*7 in.) of mercury. 

Velocity of the Flow. The rate of movement 
of the blood in the arteries has been measxued prin- 
cipally in the carotids of the horse, dog, and rabbit 
In the horse Yolkmann found the velocity to be 
300 mm. per sec. in the carotid, 165 mm. in the 
maxillary, and 56 mm. in the metatarsal. ATariouB 
instruments are employed for this purpose, the 
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Stromuhr of Ludwig and the Hoematochometer of 
Vierordt being the principal. In order to measure 
the time occupied by the circulation of any portion 
of blood, ferrocyanide of potassium is injected into 
the jugular vein, and the blood from the peripheral 
end of the same vein tested from time to time. In 
this way a complete circulation has been found to 
take place in 15 sees, in the dog, and 23 sees, in the 
human subject {Hermann). 

The Pulse. — The impulse or shock caused by 
the overfilling of the aorta during the ventricular 
systole is the cause of the pulse. This pulse-wave 
travels at the rate of 9-10 metres (28-30 ft.) per 
sec. along the arteries, and is lost at the capillaries. 
This pulse- wave must be carefully distinguished 
from the blood-current, the latter travelling only 
some 300 mm. (12 in.) per sec. ; the former stands 
in the same relation to the moving blood as does a 
wave on the surface to the current of a slowly 
flowing river. The duration of the ventricular 
systole being % sec. before the end of the systole, 
the pulse- wave would have travelled about 12ft. 
if that were possible, so that the beginning of each 
wave is lost at the periphery before the end of it 
has left the ventricle. The more rigid the arteries 
the faster the wave travels ; the more distensible 
the more slowly it travels. If the finger be applied 
to the radial artery, the artery will be felt to ex\^aiLd 
beneath the finger some 75 tAmeB & wojaXfe^ \«\.^Kt 

H 
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gome circumstances the pulse-wave will feel to b 
double or dicrotic. This dicrotism is shown by tb 
sphygmograph to be constant in health, bat is man 
marked when the tension in the arteries is low, aik 
the arterial walls more distensible than nsualy as in 
febrile conditions of the system. In a sphygmogn- 
phic tracing, the primary wave is due to the shock 
given to the blood in the arteries by the systole d 
the ventricles; the dicrotic wave is probably in part 
due to the closure of the aortic valves, in part it is 
a wave of oscillation ; the predicrotic wave is als) 
a wave of oscillation. Waves of oscillation are 
seen when fluid is injected into an elastic tube (as 
in an artificial scheme of the circulatory apparatus), 
following the primary wave, and are due to the 
inertia of the elastic walls and contained fluid. 

The Contractility which the arteries possess in 
virtue of the muscular fibres in their walls fulfils 
several useful purposes. 

(1.) It assists in arresting haemorrhage when an 
artery is completely divided. 

(2.) Under the influence of the vaso-motor sys- 
tem it regulates the supply of blood to a part. 

(3.) It enables the whole vascular system to 
accommodate itself to the amount of blood in the 
body. 

Erequency of Pulse. — ^The frequency of the 
pulse depends upon many various conditions. The 
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emotions, amount of exercise, state of the digestion, 
inflammations, fevers, all exert an influence on the 
pulse rate, through the medullary centres which 
regulate the contractions of the heart and muscular 
fibres of the arteries. Other influences may be 
classified under^ 

Temperature, — Heat increases, cold slows. 

Position of body, — In a sitting position it is 
faster than in a horizontal position, and in standing 
up it is faster than when sitting down. 

Age, — In the foetus it is 150-200. In the adult 
about 75 ; it increases in old age. 

Sex, — It is faster in females thui males. 

THE CAPILLAEIES. 

Structure of Capillaries. — The smaller arteries 
end in a flne network of vessels, which differ in 
structure from the arteries and veins, their walls 
containing no muscular elements, but consist of a 
delicate, transparent wall. Their walls consist of 
a single layer of elongated epithelium continuous 
with that of the arteries ; the epithelium is rendered 
apparent by injection of solution of silver nitrate 
and exposing to lights the reagent darkening the 
intercellular material and rendering the outline of 
the cell apparent. The nuclei can be stained with 
logwood. In the vessels slightly larger than the 
capillaries a layer of elongated muscular flbre cella 
is added. 
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Sue. — Their xrtgmgt sv in the himian bodjii 
^^^^0^"^ TTTT ^ *^ indi. boi tlMy diffier in & 
ferent parte of the bodT. They are eooipuvliid^ 
lai^ in the mazro v of bone ; lai;pe also in ddi, 
small in longr muscle and Ivmin. Tlie iMsi w mk ■ 
cloae in lam; and mnsde. 

Circttlatian in CapiTlarim — ^TheTdootyoftlN 
blood in the c^iUaries is tcvt much less than in 
arteries or veins, being abont *57 mm. to *75 ma. 
per second (r4-r8 inches per minute.) But • 
Tery small portion of the capillaiy 8)8UM n is tn- 
Ten«d by any one blood corpnade. Hie flow is oon- 
stant, not intermittent, as in the larger arteries. Hie 
red blood oorpuscles for the most part travel in 
the mid-stream, the white corposdes moving more 
slowly along the side. The thin capillaiy walls allow 
the liq. nangainis readily to pass throngh, and so 
bring the blood in direct contact with the tissaes, 
and also nourish parts by irrigation^ in which 
there are no capillaries, as cartilage and the cornea. 
Under certain circumstances, as in inflammation, 
the white corpuscles push through the capillaiy 
wall into the tissues ; probably this emigration to 
a smaller extent goes on as a natural process. The 
movement of blood in the capillaries is dependent 
upon the action of the heart, modified by the ar- 
teries. This constitutes the vis a tergo. Some 
maintain that there is also another motor force 
called the capillary force. It is asserted that in the 
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lower classes of animals and in plants there is some 
power independent of a. vis a tergo, by which the 
nutritive fluid moves through the vessels. Cases 
have occurred in which the heart has been absent in 
a foetus during intrar-nterine life, and yet the circula- 
tion must have been maintained. It is supposed 
that the ' capillary power ' supplies the place of a 
heart up to the period of birth in the acardiac foetus. 
It is asserted by Draper that the tissues have an 
affinity for arterial and a repulsion for venous blood, 
the opposite holding good in the lungs. The vis a 
tergo derived from the heart is, however, capable of 
maintaining the circulation in the capillaries, and it 
is doubtful if any other force, in the higher animals 
at least, exists. 

VEINS. 

Distribution. — The veins carry the blood from 
the capillaries to the heart. They ramify through 
the body like the artmes, Ibut they are more nume- 
rous, anastomose more freely, and are of greater 
capacity. They usually accompany the arteries; 
but there are exceptions, as the hepatic, sinuses of 
the skxdl, and veins of spinal cord. 

' Structure. — The veins have thinner walls than 
the arteries. They have the following coats : — 

1. Internal. — This coat closely resembles the 
inner coat of the arteries. 

2. Middle. — This coat is thinner Wi<3L \«Bfe \a»5a»- 

H 3 
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cular, and oontains more white fibroos tissue than 
the middle coat of the arteries. The muscularity 
of the middle coat is best marked in the splenic and 
portal, and least marked in the hepatic part of tlid 
inferior vena cava, and subclavian veins. 

3. External. — This coat consists of connective 
tissue and elastic fibres. In certain veins this coat 
contains a considerable quantity of mupcular tissue^ 
as in the abdominal cava, iliac and renal. The 
striated muscular fibre of the heart is prolonged for 
some distance on the walls of the pulmonary veua 
and vense cavse. Muscular tissue is wanting in moat 
of the veins of the brain and pia mater, retina, 
venous sinuses of dura mater, cancellous veins of 
bone. 

Valves. — The valves consist of semilunar folds 
of lining membrane strengthened by including con- 
nective tissue. They consist for the most part of 
two flaps or pockets, which come in contact by thdr 
free margins, and prevent reflux of blood towards 
the capillaries. The veins of the extremities, neck, 
and scalp have numerous valves, while they are 
absent for the most pai*t in the deep Veins of the 
abdomen, chest, and cranium. Many other veins 
are destitute of valves. Such are the venae cavse, 
portal, hepatic, renal, uterine, pulmonary and sin- 
uses of skull. There are a few in the intercostal 
and azygos. 

The forces which propel the blood i& the yeina 
are — 
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1. Vis a tergo — ^heart's action. 

2. Vis a fronte — ^aspiration of the thorax. 

3. Muscular contraction. 

(1.) The vis a tergo or force exerted by the heart 
in assisting the flow of blood in the venous system 
is probably not great, the velocity of the blood in 
the small veins being small. 

(2.) The vis a fronte, or force supplied by the 
suction action of the chest during inspiration is 
much more considerable. When an ordinary in- 
spiration is taken, not only is air drawn into the 
air-passages by the expanding chest, but the blood 
in the great veins external to the chest is sucked 
towards, the right auricle. • This eflect is more 
powerful if a deep inspiration is taken. During an 
ordinary expiration the sucking action become s nily 
while during a powerful expiration, as in blowing 
or coughing, the expiratory effort obstructs the 
flow of blood into the chest and causes congestion 
of the venous system. 

(3.) During muscular exercise the veins are 
compressed by the contracting muscles, the effect 
being to drive the blood towards the heart, the 
valves preventing its return towards the capillaries. 

The velocity of the blood in the venous system 
is small when compared with the arteries, though 
greater in the large veins near the heart than in 
the smaller veins. It is about 200 mm. per sec. 
(7 to 8 inches) in the jugular veoi ol ^o%* ^^^^ 
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pressure in the croral yein of the sheep has bsfn 
shown to be 11 '4 mm. of mercury (*4 inoheB), whik 
in the subclavian it was — 1 mm. to —5 mm. duriog 
inspiration, the mean pressure being —'1 mm. 

INNERVATION OF THE HEART AND ABTERIE& 

The nervous mechanism of the heart and arte- 
ries consists of — 

1. Heart 

1. Intrinsic cardiac ganglia. 

2. Centres in the medulla — (a) inhibitory 
centre, (6) accelerating centre. 

3. Inhibitory nerv0s, t.e. vagL 

4. Accelerating nerves, i.e. sympathetic. 

2. Arteries, 

1. Yaso-motor centres — ^medulla, cord, ganglia. 

2. Vaso-motor nerves, i.e. (a) vaso-constriotor, 
{h) vaso-dilator. 

1. 1. Intrinsic Oanglia— Automatic Action.— 
If a frog's heart be removed from the body and 
emptied of blood, it will continue to beat for hours, 
or even days. It is therefore clear that its action is 
automatic, and not dependent on any external in- 
fluence. If the heart is bisected longitudinally, each 
half will go on beating. If the auricles are separated 
from the ventricles, both auricles and ventricles 
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will pulsate; but if divided below the auriculo- 
ventrieular groove, the part with the auricles at- 
tached will coDtinue to beat, the ventricular part 
being motionless. It will be found that the parts 
which continue to beat contain ganglia. The ganglia 
are present in the walls of the sinus venosus 
(Kemak's Granglia), auricular septum, auriculo- 
ventricular groove (Bidder's Granglia). 

2. Extracardiac Centres. — The inhibitoiy centre 
is situated in the medulla, and is constantly in ac- 
tion. It is capable of being influenced by the exci- 
tation of various sensory nerves. The accelerating 
•centre is also in the medulla ; it is not constantly 
in action. These centres are largely influenced by 
afferent nerves from various parts of the body. 
Thus a ghastly sight, good news, an inflamed peri- 
cardium or peritoneum, may profoundly influence 
the pulsations of the heart through its regulating 
centres in the medxdla. 

3. Inhibitory action of Vagus.— If the vagus 
of a frog or rabbit be excited by an interrupted 
current, the heart's action will become slower, and 
the blood pressure in the arteries will be diminished ; 
or if the current be strong, it will be arrested in 
diastole. Section of the vagi is followed by an 
acceleration oi^ the cardiac beats. If atropin be 
injected, even a strong current passed along the 
vagi will not diminish the cardiac beats. 

Keflex Inhibition. — If the m\eafc\ii«& o1 ^ ^^^'^ 
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be struck sharply, or the mesenteric nerves Btunv- 
lated, the heart is brought to a standstill in diastok 
If the vagi are divided, or the medulla destroyedy 
this effect will not take place. The stimuloB as- 
cends to the medulla along the mesenteiio nervff, 
and descends to the cardiac ganglia along the vagi 
Irritation of other sensory nerves, as tbe posterior 
auricular, will have a similar effect. 

4. Accelerator Nerves. — Thesympatheticnemi 
which pass from the cervical cord to the last oer 
vical and first dorsal ganglia, and from thenoe to the 
heart, are called the accelerator nerves. Stimuh' 
tion of these nerves with the interrupted cuxreiit 
causes quickening of the heart's action, and their 
division renders the heart's action slower. The 
blood pressure in the arteries is not increased by 
exciting the accelerators, unless the peripheral resis- 
tance is increased by contraction of the arteries. 
These nerves seem to act by shortening both diastole 
and systole. 

II. Vaso-motor Centres. — The principal vaso- 
motor centre is situated in the medulla. Nothing 
is known of this centre anatomically, its position 
having been determined by experiment. Excitation 
with interrupted current of the medulla of irog will 
cause the vessels in the web of frog (when seen be- 
neath microscope) to contract. The same result can 
be witnessed in rabbit by exposing a small artery. 
Section of cord below medulla causes the vessels to 



ACTION OF POISONS. 83 

dilate. The latter experiment shows that the mus- 
cular fibre of the arteries is in a continual state of 
contraction or torvus. Various or subsidiary vaso- 
motor centres are situated in the spinal cord and 
Tarious ganglia. Besides the vaso-motor, or rather 
Taao-constrictor nerves, there are vaso-inhibitorj or 
Taso-dilators. Such are the chorda tympani to ves- 
sels of submaxillary glands, and the nervi erigentes 
to the arteries supplying arteries of erectile tissue of 
penis. The vaso-motor centre can be also influenced 
by vaxious afferent nerves : this may occur through 
the higher nerve centres, as in blushing ; excitation 
of the central end of various sensory nerves will 
bring about contraction of arteries ; while the vagus 
oontainsy especially in its superior laryngeal branch, 
fibres which excite and also fibres which, when 
stimulated, lead to inhibition of the vaso-motor 
centre. 

Action of Poisons, &c. on the Circulation. 

1. Nicotine, Curwrty Conia paralyse the com- 
munications of the vagus with the inhibitory gan- 
glia. Stimulation of the vagus is unable to slow 
the heart ; this effect, however, follows stimulation 
of sinus venosus. 

2. Mvscarin and Jaborandi stimulate the whole 
inhibitory apparatus, and so cause the heart to stop 
in diastole. Atropia antagonises them. 
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3. Cfdahar bean also increafiea the ezcitalnlitf 
of the inhibitory mechanism, but will not stop it 
in diastole. 

4. Atropia, Hyoscyaanine, Daturine paralyse the 
whole inhibitory mechanism. Excitation, of tbe 
vagus and sinus venosus are without efiect. 

5. Aeanitia, Verat/ria, DigUalm, Ddphinia and 
Arttiar affect the muscular fibre and arrest the heart 
in powerful systole. (See Hermann's * Physiology,* 
translated by Dr. Gamgee.) 



85 



SECTION V. 

LYMPHATIC SYSTEM. 

The lymphatics begin as capillary vessels in almost 
every tissue of the body, and after passing through 
one or more of the lymph glands, empty themselves 
either into the thoracic or right lymphatic duct and 
thence into the venous system. 

That portion of the lymphatic system which 
originates in the mucous membrane of the ali- 
mentary canal, takes up the chyle from the intes- 
tines during digestion, while it conveys lymph 
when digestion is not going on. 

Lymphatics have not be^ti demonstrated in car- 
tilage, tendoh, the eyeball, the placenta, though it is 
probable they are not wanting 

Stmctnre. — The lymphatic capillaries closely 
resemble the ordinary capillaries of the body, their 
walls being formed of a single layer of epithelial 
cells with a sinuous outline. The lymphatic vessels 
resemble the veins, their inner coat consisting of a 
single layer of epithelial cells, and a layer of longi- 
tudinal elastic fibres. The middle co«A. oi ^^xcqSjnc 
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muscular fibres mixed with elastic fibres. The ex- 
temal of connective tissue. 

Some of the lymphatic yessels entirely surroimd 
a small artery or vein ; the space between the artery 
and wall of lymphatic is called the perivaaeulat 
space. 

They are provided with valves, which are placed 
so near to one another as to give them a beaded i^ 
pearance when distended. 

Origin, — Two modes of origin — 

1. Plexiform. 

2. Lacunar. 

Plexiform. — ^Lymphatics begin as a network at 
capillaries beneath the skin, m.m. of stomach, sur- 
face of tendon and diaphragm, and other parts. 
Sometimes the plexuses are joined by omall blind 
vessels, as in the intestine. 

Lacunar. — Lymphatics arise from the irregular 
spaces which lie between the parts of which an organ 
is composed. The spaces between the adn, or blood- 
vessels of a gland are lined by an epithelium agree- 
ing in character with that lining the lymphatics. 
The serous cavities, as the peritoneum, are large 
spaces from which the lymphatics arise by open 
mouths (the stomata). 

Terminatioas.— All the lymphatics of the body, 
sooner or later, empty themselves into the thoracic 
duct, except those of the right side of the head. 
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neck, right iihoraXy right upper extremities, right 
side of heart, which enter the right lymphatic duct. 

The thoracic duct commences opposite the second 
lumbar vertebra, by means of a dilated portion 
termed the receptaculum chyli, and terminates in 
the subclavian in the neck near its junction with the 
jugular. 

Lymphatic Glands are small bodies varying in 
size from a pea to an almond, placed in thecourseof 
the lymphatics. They are collected into groups in 
the mesentery, anterior and posterior mediastinum, 
elbow, axilla, neck, groin, and popliteal spaces. 

In structure they consist of a capsule of con- 
nective tissue and muscular fibre cells, which sends 
fibrous septa or trabeculse into the gland substance. 

They have a hilus along one border, and are 
divided into a cortical and medullary portion, the 
latter occupying the centre of the gland, except at 
tiie hilus, where it comes to the surface. The 
fibrous septa which enter the gland divide it up 
into alveoli in the cortical portion, but form a closer 
network in the medullary. The alveoli are occu- 
pied by the true gland substance, but are separated 
from the fibrous septa by a narrow space, which is 
occupied only by retiform tissue, with nuclei at the 
intersections of their fibres, and which forms the 
lymph-channel, or sinus. 

The true gland-substance consists of retiform 
tissue, for the most part non-nuc\ea\ie^, \X» xaft^^ss* 
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being doselj packed with leaoocytes, and is traversed 
by blood-vessels. 

The afferent lymphatics which enter the gland 
at its convex border open at once into the lymph- 
sinns of the cortical part, pass on into the lymph- 
sinus of the medullary portion, and leave the gland 
at the hilus. In passing through the gland they 
come into close relation with the vessels ramifying 
in the gland substance. 

The blood-vessels enter the gland at the hilus, 
and are distributed through the gland substance ; 
the veins emerge also at the hilus. 

Eunotions. — ^Liq. sanguinis exudes from the 
capillary blood-vessels to supply the tissues with 
materials for their nutrition. The excess of liq. 
sanguinis thus supplied enters the lymphatic capil- 
laries, passes through the lymph glands into the 
thoracic duct, and thence into the venous circular 
tion. The liq. sanguinis that has passed out of the 
capillaries will accumulate in the connective tissue 
spaces, or lacunsB, from which the lymphatics arise. 

The lymphatics which arise in the yilli of the 
smaller intestine are termed lacteals, and during 
digestion absorb fatty matters, and to a smaller ex- 
tent soluble matters and albumen from the contents 
of the intestine. During the digestion of food, the 
columnar epithelium covering the villi may be seen 
to be distended with oU globules (though some ob- 
servers assert the oil globules pass between the cells). 
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these globules passiDg from the epitheliam into the 
retifonn tissae, and thenoe into the fine lacteal pre- 
aent in the villus. 

Lymph has been described as blood minus the 
led corpuscles. It is a yellow alkaline fluid of S.G. 
1045 and 6-7 per cent, of solids. 

It consists of — 

White corpuscles. Extractives. 

Elements of fibrin. Salts. 

Albumen. Water. 

It has been obtained for examination from the 
thoracic duct during a fasting period, or from some 
large lymphatic vessel. 

Chyle may be described as lymph plus fatty 
matters. It may be obtained from the thoracic 
duct during a period of digestion. It is an opaque 
milky fluid which clots when drawn from the duct : 
the clot exhibits a pink colour. It contains 8-9 per 
cent, of solids. 

It consists of-— 



W hite corpuscles. 


Albumen. 


Immature red ? 


Extractives. 


Fatty matters. 


Halts. 


Elements of fibrin. 


Water. 



Examined microscopically^ white corpuscles are 
Been in abundance in chyle drawn from the upper 
part of the thoracic duct. Many of these white 

I 3 
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• 

corpuscles are of a reddish colour, and are probabljf 
being converted into red. 

The fatty matters consist of oil globules of 
various sizes and finely divided matter of a granular 
appearance, which forms the molecular basis of 
chyle. Chyle undergoes changes in its passage from! 
the villi to the thoracic duct; these changes are 
effected through the agency of the mesenteric glands. 
They consist in a diminution of the molecular basis 
and an increase of the white corpuscles and elements 
of fibrin. Some of the white corpuscles appear to 
be of a reddish colour. 

Movements of the Lympb. 

1. Vis a tergo. Pressure of blood in the blood- 
vessels. 

2. Contraction of muscular fibres in their walls 
and in the vilH. 

3. Compression by muscular action of voluntary 

muscles. 

4. Vis a/ronte. Aspiration of thorax. 

1. If a ligature be applied to the thoracic duct, 
the chyle will tend to accumulate behii^ it, or if a 
tumour compress it the lacteals will become dilated 
and tortuous. This shows the existence of some 
vis a tergo. The liq. sanguinis leaves the capillaries 
under consider&hle pressure, and accumulating in 
ilie spaces of the tissues wiH read^V^ ^^s&\xx\ft 'Cs^k 
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lymphatic vessels. Increase of pressure in the 
arteries canses increased tension in the lymphatics. 

2. The muscular fibres in the walls of the lym- 
phatic vessels act after the manner of the lymph- 
hearts in the frog. The contraction of the muscular 
fibres of the villi will assist in emptying the con- 
tents of the contained lacteal. 

3. Contraction of the voluntary muscles will 
eompress the lymphatic vessels in the same way as 
the veins, driving the lymph forwards, the valves 
preventing reflux. 

4. The enlargement of the chest during inspira- 
tion sudm the blood in the large veins towards the 
heart; the rapid motion of the blood in the sub- 
clavian over the orifice of the thoracic duct will 
tend to make the contents of the duct discharge into 
the vein, thus supplying the vis a/ronte. 
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SECTION VI. 
RESPIRATION. 

TRACHEA AND BRONCHI. 

Thb walU of the trachea and two bronchi consist of 
several constituente — 

1. Connective tisene. 4. BubmucouF. 

2. Cartilages. 5. Mncous quembmne. 

3. Muscular. 

1 . The Connective Tissue coat forms an external 
sheath for the trachea, suiTounding and joining to- 
gether the cartilages. 

2. The Cartilaginous Sings are incomplete be- 
hind, being C-shaped, are 16-20 in number, consist 
of hyaline cartilage, and serve to maintain a certain 
amount of rigidity in the walls. 

3. The Muscular Layer is only present behind, 
connecting the tips of the cartilages together, and 
is also present behind in the intervals between* the 
rings. Its fibres belong to the imstiiated variety, 
and serve by their contraction to diminish the dia- 
'neter of the tube. 
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4. The Submaoous ooat contains beeddes con- 
nective tissue numerous longitudinal elastic fibres, 
which may readilj be seen on examination from 
within the tubes. There are also numerous race- 
mose mucous glands. 

5. TheHucoiis Membrane is lined by columnar 
ciliated epithelium, beneath which is situated more 
or less lymphoid tissue, resembling that of the 
solitary glands of the intestines. The cilia work 
towards the outlet of the trachea and help to expel 
mucus and foreign matter. The mucous membrane 
and muscular fibres are supplied with branches of 
the pneumo-gastric nerves. 

The two bronchi exactly resemble the trachea in 
Btructure, the right having 6 to 8, the left 9 to 12 
incomplete cartilaginous rings. 

LiTNQS (weight, right 24 oz., lefb 21 oz.) The 
Inngs are surrounded by the pleure, the smooth sur- 
faces of the latter diminishing friction during the 
movements of respiration. In shape they are coni- 
cal, the apex projecting into the root of the neck, 
the base resting upon the arch of the diaphragm ; 
the inner surfiice being flattened where the bronchi 
and vessels enter. 

The lungs consist of — 

1. Lobes. 4. Infundibula. 

2. Lobules. 5. Air-sacs. 

3. Bronchi. 6. Blood-vessels and nerves. 



94 BESPIRATION. 

1 . The Lobes are the primary divisions, the rig 
baying three, the left two. 

2. Lobules. — The lobes are divided into lohu 
of various sizes, their outline being most read: 
seen on the cut surface of foetal lungs; they s 
separated by fine connective tissue. Instructs 
they resemble a lung in miniatare, having a brc 
chus, branch of pulmonary artery and vein. T 
bronchus divides and redivides several times in t 
lobule, till it terminates in the small dilatatio 
of the infundibula. The branch of the pulmona 
artery entering the lobule divides in a similar ms 
ner, then breaks up into capillaries surrounding t 
air-sacs. 

3. The Bronchi, on entering the lung, divide a 
redivide, each of the smaller divisions entering 
lobule. In structure they resemble the trach< 
with some modifications. The eartUages in t 
larger tubes form complete rings, but as the tul 
get smaller the cartilages form incomplete rin| 
consisting of small plates in the walls arranged in 
circular manner, and finally are wanting altogeth 
in tubes of ^ in. in diameter. The musctUarJUn 
entirely surround the tubes, and may be trao 
into the finest ramifications. The elastic fibres e 
tend to tubes of the smallest size and become co 
tinuous with the elastic fibres forming the walls 

the infundibula. The ciliated ep\t\ie\\\mi c^aaes 
tite entrance into the infundibula. 
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4. Tnfimdilmlft an tiie maJl aaocolatod dila- 
tations in wliidL tiie wnallmt brandii tenninatei. 
Their walls are fanned of elastic tusofl^ and tlie 
many small dilatatimw of aaecoliin their walls form 

the air-sacs. 

5. Air-sacs are aboat -j^ in. in dtam.; their 
interior oommnnicating with the bronchi is lined 
by a single layer of squamous epitheUom, while 
their walls are sunronnded by a plena of capiUaiy 
blood-vessels. The oontained air is thus brought 
i&to dose relation with the blood in the capil- 
laiiesy and an interchange of gases readily takes 
place. 

6. The Pulmonary Arteries accompany the 
bronchi and finally break up into the fine capillaries 
STUTOunding the airHsacs from which the veins 
arise. 

The Bronchial Arteries, two or three in num- 
ber, arise from the aorta, and are distributed to the 
bronchi, lymphatic glands, connective tissue, and 
mucous membrane. The right bronchial vein 
enters the vena azygos, and the left the superior 
intercostal vein. 

Mbchanism of Respiration. — ^The lungs are 
compound elastic bags, communicating with the 
outside air, and suspended in a semi-distended 
state in an air-tight cavity with movable walls. 
When the cavity of the thorax is enlarged by the 
contraction of certain musdes, the lungs become 
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distended bj drawing in air. When the muscles 
relax, the lungs tend to collapse, expelling most of 
their contained air — a result due in part to the con- 
traction of the elastic tissue they contain, and also 
to the recoil of the elastic rib cartilages. 

Inspiration. — ^The chest enlarges in three direo- 
tionsy viz. downwards, forwards, and laterallj. The 
enlaigement daumwards is efiected by the contrac- 
tion of the diaphragm. At rest the diaphragm pre- 
sents a conTezsm&ce to the thorax ; in ccmtneting 
this sor&oa becomes flatter, the floor of the diest 
is lowered, the cavity of the thorax enlaiged, and 
air enters to distend the lungs. The contraction of 
the dii^fkhragm tends to press the abdominal viscera 
downwards and caoaoB the walls of the abdomfln to 
prefect during inspiration 

The €miero4aieral enlargement is effected by 
raisiBg the ribs. A Tertebro^teraal rib has two 
movaUe joints, the posterior where the head 
aitkeolateB with the sides of the bodies of the 
vertohns, and the anterior at the jimction of the 
costal cartilage with tiie stemum. The anterior 
end occiqiieB a lower position than the posterior, so 
thattbe rib 18 in moreor lass of an obliqiie poeitiaD. 
When the anterior ends are raised, the atenuun 
will be piH^ied Ibrward, and the antero-posteiior 
diameter of the chest enlarged. When the rite 
ai« laiaad by the extenMd intaraoBlal mnadicB, the 
which ^te^make with the sternum become 
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more obtuse, and the chest enlarged in the trans- 
verse diameter. 

Knscles of Inspiratioii— HormaL— The ribs 
are raised by the contraction of certain muscles in 
normal inspiration, namely external intercostaUf 
that portion of the vntemal vntercostals between the 
cartilages, levaAoreg costarum and gcalenu The 
diaphragm is also oonstantlj in action during 
ordinary inspiration. 

Laboured InspiratioiL — ^When breathing be- 
comes difficult other muscles come into play. 

The acaleni are sti-ongly contracted, so as to iSx 

the first rib. The aerrcUtu posticus stiperiar helps 

to raise the upper 4 or 5 ribs. The serratus posticus 

inferior and qitadratus lumhorfmi help to fix the 

lower four ribs, and thus increase the power of the 

diaphragm. When still further efforts are neces- 

aiy, the arms and shoulders are fixed, the serrattu 

noffnus (scapula to upper 8 or 9 ribs), pectoralis 

major (humerus to 2nd to 6th costal cartilages), 

pectoraUs minor (coracoid process to 3rd, 4ih, and 

5th ribs, latissimMS dorsi (in part, i,e. humerus to 

lower ribs), help to elevate the ribs and enlarge the 

chest. 

Ezpiratioii — ^HormaL — Ordinary easy expira- 
tion is effected by the elastic recoil of the lungs 
and costal cartilages. During inspiration the elastic 
tissue of the lungs is put on the stretch, and the 
costal cartilages and ribs are abnormally bent ; both 

K 
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tend to retam to their unstretched conditioii, and 
in doing so force out the inspired air. In this act 
they are aided by the internal irUercostaU. 

Forced Ezpiration. — The ctbdommal musdesy 
by compressing the abdominal contents, force the 
diaphragm upwards and depress the sternum and 
lower ribs. The qtiadratus lumborum, serreUtu 
posticus iriferior, and sacro-lumbalis will depress 
the ribs, and assist in expiration if the diaphragm 
is not contracting. 

Summary. — Bespiration is carried on under 
ordinary circumstances by the diaphragm and ex- 
ternal intercostals enlarging the chest and sucking 
air into the lungs, followed almost immediately 
by the recoil of the elastic lungs aud ribs forcing 
out the air so inspired. But when there is a 
more than ordinary venous condition of blood in 
the system, greater effcNrts must be made to supply 
the lungs with oxygen, and muscles not ordinarily 
employed in the effort must be brought into play. 
The arms and scapulae are fixed by seizing hold of 
some object, and by bringing into action the 
trapezius, levator anguli scapulsd and rhombei, so 
as to make firm attachments for serratus magnus, 
pectorales and latissimus in their efforts to raise 
the ribs. Laboured expiration in like manner 
brings extra muscles into play. In laboured re- 
splmtion the nostrils are expanded by the dilator 
Dares during inspiration, and Te!B;vxiiL<b ^«a ctniissa^ 
size dwing expii-ation. Tbe g\oU\a \^ V\\^^ ^V«^ 
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during inspiraiion, while it is narrowed during 
expiration. These movements of the glottis occui^ 
during ordinary breathing, but are exaggerated 
during difficult breathing. 

Xhythm and Humber of Respirations. — Each 
respiratoiy act consists of three periods — (1) in- 
Bpiration, (2) expiration, (3) pause. Inspiration is 
nsnallj shorter than expiration, the open glottis 
readily admitting the air. Expiration is more pro- 
longed, the glottis being smaller, the vocal chords 
being approximated, and leaving only a narrow 
chink. The number of respirations amounts to about 
] 5 per minute, or 1 to every 4*5 beats of the pulse. 
'^tal Capacity. — The vital capacity of the chest 
is the amount of air which can be expired from the 
cbeet after taking the deepest possible inspiration, 
and is equal to about 225 to 230 cu. in. 

The Tidal Air is the air which is constantly 
paasing in and out of the chest during calm breath- 
ing, and amounts to 25 to 30 cu. in. 

The Complemental Air is the air which can be 
drawn into the chest after taking an ordinary in- 
spiration; it amounts to about 100 cu. in. 

The Beserve Air is the air which can be ex- 
pelled at a forcible expii*ation over and above the 
tidal air; it equals about 100 cu. in. 

The Besidnal Air is the air which still remains 
after every effort has been made to em\i^"^ V)aft\\«i^\ 
jt ia egtml to about 100 cu. in. 
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!Complemental=100 cd, in. 
Tidal = 25-36 

Reserve =100 
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Besidual =100 
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The lungs normally are never quite empty, even 
after the most forcible expiration, but still contain 
about 100 cu. in. This may in part be expelled in 
some diseases, as in whooping cough, the lung in 
places being collapsed. In other diseases, as in 
emphysema, the lungs contain a greater amount of 
residual air than normally, the chest becoming more 
or less barrel-shaped. 

Changes of fhe Air in Bespiration. 

1. Temperature. The expired is warmer than 
the inspired air; the temperature depending to 
some extent upon the temperature of the inspired 
air, and the rate and depth of the breathing. 

2. The expired air is saturated with aqueous 
vapour. 

3. The expired air contains 4 to 5 per cent, less 
oxygen, and about 4 per cent, more carbonic acid 
gas. 

O N CO. 

Inspired air . .21 79 '04 

Expired air . . 16 79-5 4-3 

A certain amount of oxygen does not reappear 
in the expired air, in the form of carbonic add. 



L in. 
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Bnriiig 24 hoars an adult man gives out about 800 
gnmmfls (12,300 grains) of CO,, containing 218 
gninmes (3,300 grains) of C, and consumes about 
700 grammes (11,000 grains) of 0. 

4. In addition to carbonic acid, the expired air 
oontains ammonia, and other unknown substances of 
ft poisonous or deleterious nature. An atmosphere 
oootaining '08 per cent, of CO,, with the accom- 
panying impurities, is unwholesome, while '1 per 
<ttii. of CO,, with proportional amount of im- 
pQiitieSy is very injurious. 

Changes in the Blood. 

1. It is cooled. 

2. It loses watery vapour. 

3. It gains oxygen (8 to 12 per cent, per vol.). 
-The amount of oxyg&n in the blood rising from 
*tH>ut 12 to 20 per cent, per vol. 

4. It loses carbonic acid (7 per cent, per vol.). 
The amount of CO, in the blood falling from 46 
^ 39 per cent, (see p. 57). 

Cironmstances affecting the Excretion of 

Carbonic Acid. 

1. Muscular Exercise. 

2. Food. 

3. Age, 

4, Disease. 

K 3 



102 BESPIRATION. 

1. Mnscnlar exerdae increases the amount of 
carbonic acid exhaled. E. Smith found that there 
was expired — 

Fv minute. 

During sleep • . 4*99 grains. 
Lying down . . 5*91 „ 

Walking 2 miles an honr 18*10 ,, 
Walking 3 miles an hour 25*83 „ 
Exercise on treadmill . 44*97 ,, 

2. The amount exhaled in the expired air ia 
increased by food, especially starchy foods. 

3. The amount exhaled increases up to the 30th 
year, and diminishes after 45. 

4. Many diseases, as the fevers, increase the 
amount of COj in the expired air. 

Abnormal Respiration. — If the blood in the 
body contains more than an ordinary amount of 
oxygen, no efforts to breathe will take place ; this 
condition is called ApnoBa. The ordinary natural 
condition of respiration is termed Eupnosa. As 
soon as the blood in the body becomes more venous 
than ordinarily, in consequence of the amount of 
oxygen sinking below normal, the respiratory move- 
ments become quicker, and both inspiratory and 
expiratory efforts are increased by bringing extra 
muscles into play. This condition of difficult 
breathing is termed DyspnoBa. As the blood be- 
comes more and more deficient in oxygen, the respi- 
ratory efforts become more laboured, the expiratory 
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movements becoming more marked than the inspi- 

nrfiory. The expiratory efforts become convulsive 

in character, and the whole muscles of the body 

pieBentiiy take part in the convulsions. In the last 

stage the convulsions cease, coma sets in, the pupils 

dilate, the conjunctivas are insensible, while at in- 

tfifvals respiratory efforts, chiefly inspiratory, are 

Bi<tde. The term asphyxia is applied to the later 

s^^BgeR following dyspnoea, when insensibility has set 

^« Thus in oxygen starvation three stages may 

be witnessed. (1) A stage of dyspnoea, charac- 

^Hsed by increased respiratory movements, both 

^'^iratory and expiratory. (2) A convulsive stage, 

^ which expiratoiy efforts are most marked. (3) 

-^ stage of coma, marked by insensibility, and slow, 

d^op inspiratory efforts. - 

When the trachea of a dog is suddenly occluded, 
^I^ first stage lasts about one minute ; the second 
^tiage also lasts a minute ; in the third stage some two 
^ three minutes elapse before death ends the scene. 
The Circulation in Asphyxia. — During the in- 
spiratory and expiratoiy efforts of the flrat and 
Second stages the blood pressure rises, but during 
the third stage it sinks till death ensues. The rise 
of blood pressure is brought about by constriction 
of the smaller arteries, the result of their carrying 
venous blood ; the left side of the heart becomes full ; 
the increased respiratory movements euagv^^t th.^ \:e- 
turn of blood to the right side oH ttie \i"eax\», «o *vkis^ 
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the cavities on both sideB of the heart become dis- 
tended. The distended heart at first beats more 
quickly, then more slowly and forcibly, and finally 
becoming exhausted from being continually supplied 
with venous blood, ceases altogether. The heart 
continues to beat for some time after the respira- 
toiy movements have ceased. At a post-mortem 
examination, it will be found there is a distended 
right side, but an empty left, rigor mortis having 
caused contraction of the left ventricle. 

Asphyxia due to Oxygen Starvation.— When 
an animal is made to inhale nitrogen only, the exit 
of carbonic add is not intei^red with, yet all the 
effects of dyspnooa and asphyxia ensue, a restilt 
due to the absence of oxygen in the blood. If an 
animal breathe an atmosphere rich in carbonic add 
and with plenty of oxygen, the breathing becomes 
deeper at first ; this afterwards passes o^ and the 
animal becomes unconsdous, without any convulsive 
movements, the carbonic add acting as a narootio 
poison. 

The Hervous Hechaaism of Respiration. — 
Breathing is a reflex act, capable of being modified 
by the will. The nerve centre is situated in the 
medulla, the afferent nerves are the vagi, the efierent 
nerves are the phrenics, interoostals, &c Respira- 
tion continues in the absence of consciousness and 
after the removal of the brain above the meduUa; 
but destruction of a certain small portion of the 
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medulla below the vaso-motor centre causes the 
movements at once to cease. This spot is called the 
Mud vital. The centre is influenced by impulses 
from without or within — a dash of cold water in the 
&oe, a cold bath, an emotion, venous blood in the 
polmonary vessels, all call it into action. The centre 
u probably automatic as well as reflex, section of 
tiie vagi thereby interrupting the channel by which 
the afferent impulses reach it from the lungs, while 
interfering with the respiratory act does not stop it. 
Aatomatic impulses descend from the centre along 
tbe efoent nerves. Probably the venous blood 
dtcidating through the centre itself supplies the 
stuuuloB. 

Seotion of VagL— If one vagus is divided re- 
spiration is slower, if both are divided it becomes 
^^ slow, while each respiration is fuller and 
<leeper, so that the amount of carbonic acid given 
off is not much altered. During life the terminal 
fibres of the vagi are stimulated by the venous blood 
in the pulmonary capillaries, the stimulus travel- 
ling upwards to the medulla. The more venous the 
blood, the more intense the stimulus transmitted 
upwards, and the greater the number of muscles 
brought into play. If the central end of a divided 
vagus be stimulated by the interrupted current, the 
respirations are quickened ; if the stimulus is in- 
oreased^ the diaphragm is brought m\A «b \i&\»sc^^ 
eandition. /Stimulation of the cential ^li^ ^^ ^'ei 
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superior laryngeal causes a slowing of tbe respira- 
tory movements to take place, the diaphragm be- 
coming relaxed if the stimulus is sufficiently intense. 

Coughing consists in a deep inspiration, followed 
by a closure of the glottis, and finally a sudden for- 
cible expiration, which bursts open the glottis and 
forces out any mucus or foreign matter present in 
the air passages. The afferent impulses travel along 
the superior laryngeal nerve from the larynx, or 
the vagi from the bronchi, lungs or pleura, or the 
auricular branch distributed to the outer ear. 

Sneezing closely resembles coughing, except that 
the expiratory blast is driven through the nose, the 
soft palate and anterior pillars of the fauces shutting 
off the mouth from the pharynx ; the afferent im- 
pulses travelling along the fifth. 

Hiccup is caused by the spasmodic action of the 
diaphragm, causing a sudden inspiration and closure 
of the glottis. The afferent impulses travel along 
the vagi from the stomach. 

Effects of Eespiration on the Circulation. — ^If 
a tracing be taken by means of a kymograph con- 
nected with the carotid of a dog, it will be seen that, 
in addition to the small oscillations produced by 
the intermittent action of the heart, there are 
larger waves which correspond with the respiratory 
movements. The summit and base of the waves 
do not exactly correspond with either ins^^iration or 
expiration. At the beginning oi insig\3».\AaTL «x\ervs\ 
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praBBorey as shown by a tracing, is falling ; it soon 
begins to lise, and reaches its maximiun soon after 
the oommenoement of expiration. 

If a dilated vein, often seen in the neck, is 
wtddaedf or the vein of a dog be laid bare, it will 
be notioed that daring inspiration the vein ool- 
lapees, and during expiration it is distended. It 
appears therefore that inspiration lowers the tension 
in the venons system, and increases tension in the 
arterial, though the latter effect does not reach its 
maximum till expiration has begun. These effects 
are produced in the following manner : The expan- 
sion of the cavity of the chest during inspiration 
not only draws air down the trachea, but tends also 
to suck the blood in the veins and arteries imme- 
diately outside the chest to the heart. Thus death 
may be caused by an injury to the veins of neck, 
air being drawn in. The arterial system, with its 
high pressure, is but little affected ; not so the blood 
in the large veins ; during an inspiration, blood in 
the innominates and inf. v. cava will rush towards 
the right side of the heart ; more will pass through 
the pulmonary vessels, the left ventricle becomes 
more distended, and its beats more forcible, in- 
creasing tension in the arterial system, though, as 
before remarked, the maximum does not occur till 
after the oonmiencement of the following expiration. 
In expiration the negative preaaur^^ m ^k^^ n^^&& 
eaaaed by iDspirAtion is removed, \Sie ^o^ ^"l WwA 
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in the verns is no longer assisted, less blood enters 
right side of heart, and consequently less blood 
enters left side and arterial pressure Mis. Expi- 
ration, however, tends to increase arterial tension 
bj direct pressure on the thoracic aorta, but to so 
small an extent that its effects may be disregarded. 
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SECTION VII. 
ANIMAL HEAT. 

Heat is generated throughout the body wharevor 
oxidation processes are going on. Whenever arterial 
blood comes in contact with actiye protoplasm, in 
the glandsy muscles, or tissues, heat is produced. 
The haemoglobin gives up its oxygen to the carbon 
and hydrogen present in the blood or tissues, form* 
ing CO2 and HjO, and generating heat. 

Cold-blooded Animals are those whose oxidation 
processes are feeble, so that their temperature is but 
slightly raised above, and varies with that of the 
medium in which they live. All classes of animals 
are cold-blooded except birds and mammals. The 
temperature of the frog is only slightly above that 
of the air, though it is 1° or 2° C. higher during the 
breeding season. Some fishes and snakes have a 
temperature of 10° C. above the medium in which 
they live. In the cold-blooded animals, the amount 
of heat generated within their tissues is slight, and 
their temperature will vary with the season and the 
circumstances under which they are placed. 
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Warm-blooded Animaln are those in which the 
oxidation processes are vigorous, so that they main- 
tain a temperature considerably above that of the 
surrounding medium, and it is so regulated that 
it remains constant notwithstanding a variation oi 
temperature in surrounding objects. In man, the 
average temperature is 37** C. (98-6° F.) (axilla) ; 
in some birds, as the swallow, it is 44° C. (1 1 1** F.), 
the more active birds having a higher temperature 
than F^ft.TnTnft.1a- This temperature remains nearly 
constant, notwithstanding the changes of tempera- 
ture in different seasons and climates. Slight ele- 
vations of temperature take place when the external 
air is considerably raised, as in a Turkish bath 
(100^'' F. in a bath of 120° F.). In disease there 
is often a notable rise oi temperature ; in scarlatina 
or typhus it may rise to 41-2° C. (106° F.), in acute 
rheumatism 43*3" C. (110° F.), and in one case of 
fracture of the spine to 50° C. (122° F.). In other 
diseases, as in ursemia and cholera, it sinks below 
normal. 

The temperature of 98*6° F. is the resultant of 
two sets of processes. 

I. Those by which heat is gained. 
II. Those by which it is lost. 

I. Heat is gained to the Body — 
i. Wherever arterial \)\ood. cams^ Vn ^:i^xA»At 
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vith actiTe protoplasm, chemical changes taking 
phoe. 

2. By friction of the mnscles. 

3. Bj ingestion of hot liquids and foods. 

II. Heat if lost to the Body— 

1. By means of the skin — evaporation of the 
penpiiation, radiation, and conduction, 77*5 per 
eni 

2. By the lungs— evaporation of the water of 
nqnration, and warming expired air, 20 per cent. 

3. By escape of mine and faeces, 2*5 per cent. 
The warmest blood in the body is that of the 

liepatic vein. The b'ver is the largest gland in the 
body, and its cells are constantly engaged in effecting 
chemical changes in the blood circulating through 
that organ. Blood returning from active muscles 
tt wanner than the blood supplied to them. The 
Indn, spleen, and pancreas, when in an active state, 
^ a source of heat to the blood. 

The circulation of the blood ensures an equable 
temperature throughout the body by distributing 
^e heat. But in order to maintain an averas^e 
temperature of 98*6® under different circumstances 
*8 regards external heat, the amount of blood sup- 
plied to different parts must be regulated. The 
wnount of heat lost by the skin will depend upon 
tb© amomit of blood circulating throug^i Wift n«««j^'^ 
*««r the surface of the body. I£ \k© e>\\».Xi«av>A 
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• 

arteries are dilated, an increased amount of heat will 
be lost by evaporation of the perspiration poured 
out, as well as by radiation and conduction, and less 
blood is supplied to the internal organs where heat 
is produced. Thus, if the body be exposed to cold, 
the vessels of the skin are contracted and less per- 
spiration poured out, and more blood is supplied to 
the liver and internal organs, and more heat gene- 
rated as well as less lost. But if the body be ex- 
posed to heat, as in a Turkish bath, the cutaneous 
vessels are dilated, perspiration is poured out and 
evaporated, more heat is lost and less generated in 
the internal organs. 

The exact conditions under which the increased 
amount of heat is produced in fevers or acute rheu- 
matism is unknown. 

One of the functions of the vaso- motor cfystem 
is to regulate the size of the arteries and therefore 
the amount of blood supplied to a part. Increased 
supply of blood to a part will increase the tissue 
change and thereby the temperature, or if it be near 
the surface, its temperature will be increased from 
a greater supply of blood, warmer than itself. Sec- 
tion of the sympathetic in the neck is followed by 
redness and heat of the corresponding ear and side 
of the face, a difference of 4^ to 6® C. being noticed. 

Injuries to the central nervous system, as in 
eMudon of blood in the brain or some injury to 
spinal cord, are often followed at te»t\i^ a^Vyw^Yoy^, 
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pEobablj from shock, and then in a few hours an 
increaaed temperature ranging up to 108° E. or more. 
In hemiplegia, the temperature of the paralysed 
side is generally one or two degrees higher than the 
sound side, but in old cases of paralysis the para- 
lysed limbs are often cooler, apparently from defec- 
tive circulation. The vaso-motor centre being 
situated in the medulla, any interfei'ence with its 
action will be likely to alter the temperature of the 
body by interference with the blood supply. 
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SECTION VIII. 
FOOD, 

Foods may be divided into — 

1. Nitrogenous. 

2. Hydro-carbons, or fats. 

3. Carbo-hydrates, or starches. 

4. Inorganic. 

Nitrogenous. — N enters largely into the compo- 
sition of the tissues ; it requires, therefore, to enter 
the body in the form of food, to replace the loss 
which is continually taking place. The nitrogenous 
principles present in the food are — 

Albumin Syntonin Vegetable albumen. 

Fibrin Globulin do. fibrin (gluten). 

Casein Gelatin do. casein (legumine). 

Vitelline Chondrin. 

The nitrogenous principles undergo digestion in 
the stomach and intestines, and are converted into 
the peptones. The peptones are absorbed by the 
portal vein, and pass through the liver before enter- 
ing the general circulation. The changes they un- 
dergo in the liver are not well understood. 
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Destiny of Nitrogenous Poods. — 1. Develop- 
ment and renovation of the tissues ; 2. To assist in 
the fonnation of the secretions ; 3. Force-pro- 
duction. 

1. During infiancy, the rapid cell-growth requires 

Abnndant nutriment in the form of albuminous mat- 

^en. Throughout the whole life there is a continual 

▼ear and tear of the tissues ; each individual cell 

"^ a period of activity and a subsequent death ; 

AllniQiinous material is required to replace the cells 

▼liich have perished. Thus, the epithelial cells on 

^ Surface of the skin are constantly being worn 

*^V, and require renewal from the deeper cells. 

•"*6 ted corpuscles, the secreting epithelium of the 

^^i^ons glands, after remaining in an active state for 

^ certain period, perish, and fresh ones are needed 

*® i^place them. 

2. The secretions of the body, as the gastric 
^^ pancreatic juices, are constantly using up 
*'*^U.ininous material to form their active principles. 

3. Force-production, — Liebig maintained that 
. *^enoua food w^ utilised to build up the proteid 

"**'*ies, as muscle and other forms of protoplasm, 
*^d that urea, uric acid and their allies, arose solely 
~^ii the breaking up of these tissues, while non- 
'^^^cgenous food was used exclusively for the main- 
'^'^^^Uice of heat or was stored as fat ; the mechanical 
on^(j;.gy Qf ^g bodj being derived fromt\l^o'x\^^^C\QVl 
^^ the muscles, or formed nitrogenowa iiia\»em\.. \^. 
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this were true, the amount of muscular exercise 
would be proportional to the amount of urea ap- 
pearing in the urine. This has been frequently 
disproved. It has been shown by Parkes, Fick, 
Wislicenus and others, that the urea is very 
slightly increased by muscular exercise, not in pro- 
portion to the work done. While the amount of 
urea in the urine has been shown to be proportional 
to the amount of albuminous food ingested. Pro- 
bably some portion of the albuminous food taken is 
split up, the N escapes from the system as urea, 
CON2H4, leaving roughly about f of its original 
weight, consisting of CHO, to be stored as fat or 
glycogen, or oxidised in the system, supplying me- 
chanical energy or heat, and escaping as CO2 and 
H2O. Thus :— 

Albumen = C = 53-5 Urea = C = 20 
= H= 7 ==H= 6-6 

= N= 15-5 = N= 46-6 

= O = 22 = = 26-6 

= S= 1-6 
P -4 
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Nitrogenous foods have not all the same dietetic 

value. The albuminoids, gelatin, and chondrin are 

inferior to albumen. Their ingestion is followed 

bjr an increased quantity of utea m \,\v'ek wrme. But 

gelatin alone, or in combination -wiWiiaAss^o^ %\axOw5fe, 
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will not maintain life. Probably no part of the 
gelatin oompounds are utilised in the nutrition of 
the tissneSy but are split up into urea and some 
fisitty body. 

Dynamic Value of Nitrogenous Foods. — Albu- 
men, when completely oxidised, is converted into 
NH3, CO2, and H2O. It is not completely oxi- 
dised in the body, being converted into urea, uric 
acid, C02y &c., some (about one-seventh) therefore 
of its energy is unexpended. 

One gramme of beef mus- ^ 
de, when completely 
oxidised, will give out 
sufficient heat to raise 



5,103 grammes of water 
1° C, or 2,161 Idlo- 
grammes, 1 metre; 



One gramme of beef mus- 
cle, as oxidised in the 
body 



4,368 gramme-degrees, or 
1,850 kilogramme-me- 
tres. 



Hydro-carbons, or Fats, are neutral bodies de- 
rived from both animal and vegetable foods. They 
consist of olein, palmitm, and stearin. Olein and 
palmitin are met with both in animal and ve- 
getable products; olein is fluid at ordinary tem- 
peratures; palmitin has a semi-fluid consistence. 
Stearin is a solid fat, is found only in animal 
products, and exists largely in suet. They all have 
glycerine for a base in combination with the cor- 
responding fatty acids, oleic, palmitic, ^JcA ^ftws^ss.. 
The fats are remarkable for ttie em«^ o^tjNIsJ^ ^*s^ 
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O they contain; thus in palmitic acid, Cje, H32, 
O29 the amount of O is about 12 per cent, of its 
weight, leaving from 80 to 90 per cent, available 
for force-production. 

Digestion of Eats. — The gastric juice dissolves 
the connective tissue binding together the fat vesicles 
and sets free the fat. The fattj matters are emul- 
sified in the small intestine by the action of the 
pancreatic jtdce, and in a lesser degree by the other 
secretions, and for the most part enter the lacteals, 
though a certain proportion, which has possibly be- 
come saponified, enters the portal vein. 

Destiny of Eats. — The &ts are utilised in the 
body for force-production, either immediately or are 
stored as adipose tissue to be used when required. 
They therefore serve for the maintenance of heat 
and performance of muscular work. The capacity 
of a material for force-production depends upon the 
amount of unoxidised C and H it contains, and of 
all alimentary substances fats take the highest place. 
Experimentally, Frankland has shown, that the ac- 
tual heat developed by the various alimentary sub- 
stances when burnt in O is as follows : — 

1 gramme beef fat 9,069 gramme-degrees. 

„ butter 7,264 „ „ 

„ beef muscle 5,103 „ „ 

„ arrowroot 3,912 „ „ 

TJiat IB to say, 1 gramme, or \ \V>. oi i"aX» Nj\i«Q. 
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burnt, will give off heat sufficient to raise 9,069 
grammes, or 9,069' lbs. (about 4 tons) of water, 
1° 0. Whereas the same amount of arrowroot 
would, when burnt, only raise 3,277 grammes of 
▼ater P C. 

It is found that the inhabitants of arctic regions 
readily devour all kinds of fat, while in the tropics 
the foods of the inhabitants consist largely of fari- 
naoeous and saccharine matters. The force gene- 
rated by the oxidation of the hydro-carbons is 
available for muscular work. A large amount of 
mmcular work can be performed on a fatty or 
starchy diet. During muscular exercise, the amount 
of CO2 given off at the lungs varies according to 
the work done; thus, 5 grs. per minute during 
deep, and 25 grains per minute walking at the rate 
of three miles an hour. 

The amount of mechanical work obtainable 
from the oxidation of — 

1 gramme beef &t = 3,841 kilogramme-metres 
„ butter = 3,077 
„ beef muscle= 2,161 
„ arrowroot =1,657 

-"^t is, the force derivable fixjm the oxidation of 1 
^itime of fat, is sufficient to raise 3,841 kilo- 
^'^OcimeB one metre. (1 kilogramme-metre= 7*232 
*^t^pounds.) 

^e products of the combustioii ot ia\i «ut^ 
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and CO2. Animal life cannot long be maintained 
on a non-nitrogenous diet. Dogs fed on fat, or fat 
and starches, emaciate and die. Nitrogenous food 
is required to renew the tissues, which become 
wasted and worn during the processes of life. 

Cabbo-htdrates or Amyloids comprise starch, 
cane sugar, grape sugar, milk sugar, glycogen. Che- 
mically these bodies differ from the fats in contain- 
ing a smaller quantity of uncombined carbon and 
hydrogen. The O existing in sufficient quantity 
to form water with all the H present, starch 
(CfiHioOs), grape sugar (CeHiaOg). 

Starch is met with in the vegetable products. 
It is prepared for absorption by being converted 
into grape sugar in the mouth and small intestine. 
Cane sugar and glycogen are converted into grape 
sugar in the stomach and intestines. Milk sugar 
(CiaHaaOn + HaO) and grape sugar (CgHiaOe-f 
HgO) are readily absorbed by the portal vein and 

* submitted to the action of the liver. Here some 
change takes place. Sugar injected into the jugular 
vein rapidly appears in the urine ; injected into the 
portal it does not, unless in large quantity. The 
grape sugar is converted in the liver into glycogen 
(CeHiaOe— HaOssCaHioOg) and probably also into 
fat. 

It is imcertain whether the glycogen is reccm- 
verted into sugar and oxidised in the system, or 

whether it enters the system «a ^^co^^ii ac ^\&s^ 
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rimil«.r body. In any case it is oxidised, being oon- 
yerted into COg and Hfi, and giving rise to heat, 
and supplying force for the performance of work. 

INORGANIC MATERIALS. 

Various salts exist in the body in combination 
with the organic materials that form the tissues. 
The chief salts consist of calcium, sodium, potassium, 
magnesiam, and iron, in combination with chlorine, 
phosphoriCy carbonic, and sulphuric acids. 

DIETETICS. 

Experience proves that a mixed diet is the best 
to maintain the body in health. Dogs will not live 
on hydro-carbons or carbo-hydrates alone. Too much 
nitrogenous food leads to an excessive amount of 
urea and uric acid, and throws increased work on 
the excretory organs. 

. Milk, the food of early life, may be taken as a 
typical illustration of a natural combination of the 
various foods. Milk contains — 

Ck)w Woman 
Nitrogenotis matters (casein and albumen) 4-1 3*35 

Batter 3-9 3 34 

MUk sugar 6-21 g-- 

Salts -Si 

Water 86 8954 

Cow * 14 per cent solids. Womau = \0 to YV v^^ ^i«^ ' 

M 
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Diet for Moderate Work. — The normal diet for 
a man in health can only be arrived at by experi- 
ence. Taking the average of a large number of 
healthy persons it has been found that the following 
diet will suffice : — 



Dry food. 


oz. 


Albuminous matter 


. 4-5 


Fatty matter . 
Carbo-hydrates 
Salts . . . . 


. 3- 
. 14-2 
. 1-0 



Thus about 23 oz. of dry solid food are con- 
tained in this standard diet, about ^ of which is 
nitrogenous. If we reckon that 50 per cent, of 
ordinary food is water, these 23 oz. will correspond 
to 46 oz. of ordinary solid food. In addition about 
50-80 oz. of water are taken. The force-producing 
value of this standard diet is nearly 4,000 foot-tons. 

The standard diet will necessarily be altered 
under different conditions. 

It is said that an Esquimaux eats about 20 lbs. 
of flesh and oil daily, and men working heavily 
necessarily require more than when at rest. 

Diet for Idleness : — 

Albuminous matter . . 2*5 oz. 
Fats .... 1 
^ATiE^o-hydrates . .12 






Salts . . . . "^ 



>» 
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This diet will keep a man alive, but is not suf- 
ficient if be performs any work. 

Hard Work Diet — ^The average dietary of a 
labourer performing bard work bas been calculated 

Nitrogenous matter . 5*08 oz. 

Fat .... 3-9 „ 

Carbo-bydrates . . 22*2 „ 

Mineral . . . . '9 ,, 

Dynamic value 5,232 foot-tons. 

Taking the model diet for ordinary men — 

oz. N C. 

Nitrogenous matter 4*5 316 1068 
Fat . . . 3*0 1024 

Carbo-bydrates . 14*25 2768 



316 grs. 4860 grs. 

It appears, tberefore, that a man on ordinary 
diet and doing an ordinary amount of work requires 
300 grs. of N and 4,800 grs. of C. 

Tbe ratio of tbe quantities is 1-16. In albu- 
men tbe ratio is 1-3*5. Hence, if albumen alone 
were used, and tbe 300 grains of N were supplied, 
tbere would be a deficiency of C, and if the 4,800 
grains of C were supplied, tbere would be more N 
thAD required. In bread the ratio \s» «»& \-^^ \ %^ 
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that if bread alone were used, there would be a 
superfluity or deficiency of either N or C. Two 
pounds of bread and three-quarters of a pound of 
meat will fulfil the above conditions, though it will 
better do so if 1-2 oz. of butter be added. 



TcMe showing amotmt of different constituents 

in some foods. 

In 100 parts. 



Articles 


Water 


Albu- 
minates 


Fats 


Carbo- 
hydrates 


Salts 


Beef and mutton . 


76 


16 


8-4 




1-6 


Bacon . 


16 


8-8 


73-3 




2-9 


Salt beef 




491 


29-6 


•2 




211 


Whit« fish . 




78 


18-1 


2-9 




1 


Flour • 




16 


11 


2 


70-3 


1-7 


Bread . 




40 


8 


1-6 


49-2 


1-3 


Rice 




10 


6 


•8 


83-2 


•6 


Oatmeal 




16 


12-6 


6-6 


63 


3 


Peas (dry) 




16 


22 


2 


63 


2-4 


Potatoes 




74 


1-6 


•1 


23-4 


1 


Eggs . 




73-6 


13-6 


11-6 




1 


Cheese , 




36-8 


33*6 


24-3 




6-4 


Milk . 




86-7 


4 


3-7 


6 


•6 


Butter , 




6 


•3 


91 




2-7 


Sugar . 




3 


^■^^ 


^■~ 


96-6 


•6 



(After Parkes) 
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TcMe ahowmg Cctrbon wnd NUrogen in variovs 

foods, 

Orains per pound. 

. ' s 

Carbon Nitrogen 

Split peas 2,699 248 

Indian meal 3,016 120 

Barley meal 2 663 68 

Bye meal 2,693 86 

Seconds floor .... 2,700 116 

Oatmeal 2,831 136 

Bread 1,975 88 

Pearl barley 2,660 91 

Eice 2,732 68 

Potatoes 769 22 

Milk 699 44 

Cheese 3,344 306 

Matton 1,900 189 

Beef 1.864 184 

Bacon 6,987 96 

White fish 871 195 

Batter 6,466 

Sugar 2,966 

(Letheby) 

Effects of starvation. — The most prominent 

Vwptoms are first, pain in the epigastrium, relieved 

^7 pressure ; this subsides in a day or two, and is 

^^ocseeded by a feeling of weakness and of intense 

*'*iir8t. The countenance becomes pa\ek, V\v^ Vw^ 

®*««/eiflr a peculiar foetor, and tlie \>odi\7 ^\x«vv^Osv 

M 3 
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rapidly fails. The temperature is lower than normal . 
The mental powers exhibit similar weakness, first 
stupidity, then imbecility, which sometimes is suc- 
ceeded by maniacal delirium. Life terminates by 
gradually increasing torpidity, or, occasionally, by a 
convulsive paroxysm. 

With entire abstinence from food and drink, 
death occurs in fix)m eight to ten days. The Welsh 
fasting girl lived eight dt^ys. This time may be 
prolonged if water can be obtained, or if surrounded 
by a warm, daiQp medium. 

The loss during starvation falls most heavily on 
the fat, next the glandular org^ms, then the muscles, 
the heart and brain being affected least. The post- 
mortem examination shows extreme emaciation and 
complete absence of fat. All the organs, with perhaps 
the exception of the brain, are bloodless ; the coats 
of the intestines thin and empty of contents. The 
gall-bladder full, the bile staining the surrounding 
parts. The body rapidly passes into decomposition. 
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SECTION IX. 
DIGE STION. 

TEETH. 

Two sets of teeth make their appearance during the 
life of man. 

I. The temporary or mUk teeth (20). 
II. The permanent set (32). 

I. The Temporary Set appear during the first 
two years of life. They consist of two incisors, one 
canine, and two molars, in each half-jaw, making 
twenty in all. They appear in the following order, 
the numhers referring to the months : — 

Incisors, 7, 9. Canines, 18. Molars, 12, 24. 

There are no hiouspids in the temporary set. 
They resemble the permanent teeth in general form, 
but are considerably smaller. 

II. The Permanent Set. — The first six months 
of life are passed without any teeth ; by the end of 
the second year the milk teeth have all appeared, 
and these be^ to be replaced by tte "^Txa»xi«v:A» 

Bet at the edxth year, and are com\Ae\i^'5 \e!^i5Rfc^ 
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hy them at the twelfth or thirteenth year; the 
teeth being completed by the eruption of the wisdom 
teeth at the age of about twenty-one. When com- 
plete there are thirty-two, there being two indsors, 
one canine, two bicuspids, and three molars, in the 
half of either jaw. They replace the temporary 
set in the following order, the numbers referring to 
the years of age : — 

Incisors, 7, 8. Canine, 11. Bicuspids, 9, 10. 
Molars, 6, 12, 21. 

The Incisors (8) are arranged side by side in the 
front of the jaws. They have a single long conical 
fang, and a sharp chisel-shaped edge, for dividing 
the food. 

The Canines (4) are placed singly, next to the 
lateral incisors. Their fangs are single, large, and 
conical, compressed laterally, and cause a prominent 
ridge in the alveolus of the jaw. The crown is 
more pointed than in the incisors. 

The Bicuspids (8) are arranged four in each 
jaw. The fangs are bifid at their apices, more 
marked in the upper and second bicuspids, and are 
grooved laterally. The crown is compressed from 
before backwards, and is surmounted by two 
tubercles, or cusps, separated by a groove. 

The Molars (12) are arranged three in each jaw, 
behind the bicuspids. They have from two to three 
fangs. In the two anterior moW« o£ t\v^ uyper 
Jaw there are three in nuraber, Vwo eaAfcic\3ks\ «a.^ 
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one internal. The two anterior molars of the lower 
jaw have two fangs, one anterior and one posterior. 
In iiiB third molar, or wisdom tooth, the fang is 
irregular and single. The crowns of the molar teeth 
are cuboidal in form, rounded on each lateral sur- 
face, and flattened in front and behind. The upper 
molara have four cusps at the angles of the grinding 
sur&ce, separated by a crucial depression ; the lower 
molars have five cusps. The molars, from the great 
fareadth of their crowns, are suitable for grinding 
and pounding the food. 

StrxLOtare. — MmiUe anatomy — 

A tooth consists of a croion, which projects from 
the gum, a root or /amgs, which are fixed in a socket 
in the bone, and a short intermediate neck. Each is 
supplied with an artery and nerve, and has a central 
cavity filled with a soft vascular sensitive substance, 
the pulp. 

1. Pulp. 3. Dentine. 

2. Crusta petrosa. 4. Enamel. 

1. The pulp occupies the central cavity of the 
tooth, and consists of fine connective tissue, nucle- 
ated cells, blood-vessels, and nerves. The cells, or 
odonto-blasts, are said to send fine processes into 
the dentine tub\iles. The arteries are derived from 
the internal maxillary and nerves from the fifth 
pair. 

^. The crtcsia petrosa, or cemexA., coN6t«» ^^ 
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fang of the tooth, its place being taken below bj 
the enamel which covers the crown. In stmcture 
it resembles bone, containing lacunse and canaliculi, 
but they are larger and more irregular. 

3. The dentine forms the principal mass of the 
teeth, being protected by the crusta petrosa and 
enamel, and hollowed out in the centre to form 
the p\ilp cavity. It is somewhat harder than bone, 
and differs from it in structure. It is penetrated 
by numerous fine tubes, giving it a striated appear- 
ance beneath the microscope, the tubes appearing 
dark and the matrix transparent. The tubules 
open into the p\ilp cavity, and radiate to the peri- 
phery, giving off small branches. They are xwurs 
in. in breadth, and have a distinct wall, the dental 
sheath. As the dentine is sensitive, it is possible 
they may convey nerve fibres as well as prolonga- 
tions of the cells of the pulp cavity. The matrix 
is homogeneous. 

4. The erurnid is very hard and covers the 
crown. It is made up of microscopic prisms arranged 
side by side; these prisms are six-sided and -g-^fjjs in. 
in diam., and are marked at intervals by transverse 
lines. 

Chemical Composition. — The hard tissues of 

the teeth, like bone, consist of animal matter and 

mineral matter : the former yields gelatin on 

boiling, and exists in diSerent amounts in the 

tissues — 
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Bone . • 33 per cent, animal matter. 

Crusta petrosa 30 „ ,, „ 

Dentine. . 28 ,, ,, „ 

Enamel • . 3*5 ,, ,, ,, 

The mineral matter consists of calcic phosphate 
and carbonate, magnedc phosphate and calcic 
fluoride. 

Development. — At the seventh week of intra- 
uterine life a groove appears on the surface of the 
jaws, which involves the soft embryonic tissues of 
the jaw as well as the Malpighian layer of the 
epithelium. It waa called by Goodsir the primitive 
dental groove. This down-growth of epithelium 
forms the common eruvmd germ^ and from it the 
enamel is developed. From the bottom of this 
groove, which has become flask-shaped in section, 
papillae, twenty in number, arise. These papillae 
become enclosed in sacs, and form the future tooth 
by becoming vascular, and lime salts being de- 
posited. 

The ten anterior permanent teeth in each jaw 
are formed from small grooves behind the milk 
teeth, which are converted into cavities, and are 
termed ^camties of reserved A little papilla forms 
in each cavity, and forms the future permanent 
tooth. The six posterior teeth, or molars, arise 
from extension of the primitive groove \»Rk^^:t^^ 
and have been named 'posterior co/oitics of Te^erro^* 
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THB TONGUE. 



The tongue is a muscular organ which plays an 
important part in articulation, mastication, and 
deglutition ; it is covered with mucous membrane^ 
containing the organ of taste. 

The mucous membrane surroimds the tongue, 
and forms various folds, as it is reflected to neigh- 
bouring parts. In the middle line, on the under 
surface, is the frsenum linguae, and on the upper 
surface, behind, are the three glosso-epiglottideaiL 
folds. In structure it resembles the skin, having a 
cutis, with papillae covered by a stratified flattened 
epithelium. The imder sur&ce of the tongue is 
smooth, the upper surface, especially the anterior 
two-thirds, is rough, from the presence of numeroos 
special papiUce, There are three kinds of papillae, 
circumvallate, fungiform, filiform. 

The Circumvallate papillae are eight to ten in 
number, situated at the back of the tongue, arranged 
in the form of the letter Y, with the apex back- 
wards. They are rounded in form, and -^ in. in 
width; their attached ends being somewhat hbx- 
rower than their free ends, and are situated in a 
cup-shaped depression, which surrounds them like 
a trench. They are beset with numerous secondary 
papillae, which are covered by the flattened stratified 
epithelium that lines the \on!^<&. 'Embedded in 
the sides of the papiUse are nwnieiroM^ 9kaj^-^[^a:^ 
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bodies composed of modified epithelium cells called 
tasMvda, with which the nerve-endings are con- 
nected. The papillsd are supplied with an arterial 
twig and nerve. 

The Fungiform papillae are smaller than the 
preceding, and are scattered over the dorsum, more 
particularly at the sides and apex. They are of a 
deep red colour, nsurow at their attached ends and 
broad and rounded at their free extremities. They 
contain some of the taste-buds, and are supplied 
with nerves and capillaries. 

The Filiform papillae cover the anterior two- 
thirds of the dorsum of the tongue ; they are long 
ftod slender, and of a whitish tint. They are 
covered by a peculiar kind of epithelium, which is 
dense and imbricated, and possesses many hair-like 
processes. 

Glands. — There are numerous small racemose 
glands, resembling minute salivary glands in struc- 
ture, beneath the mucous membrane : some of them 
open into the fossa surrounding the circumvallate 
papillae, and secrete a thin saliva and mucus. 

The Tonsils are two rounded bodies situated 
between the anterior and posterior pillars of the 
pharjrnx. In structure they consist of lymphoid 
tissue; some twelve or fifteen recesses, or crypts, 
open on the anterior surface. 
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MASTICATION. 

The first stage in the digestion of food consists 
in its mastication in the mouth. It is crushed 
between the teeth and rolled about by the move- 
ments of the tongue to mix it thorougMj with the 
saliva. 

The movements of the muscles are voluntary 
though from use they become habitual in character 
and will continue when the influence of the will is' 
withdrawn and the attention directed elsewhere, 
provided there is a sensation of hunger and food 
within reach. The mouth is opened by the anterior 
belly of the digastric, mylo-hyoid and genio-hyoid 
muscles. It is shut by the combined action of the 
masseter, temporal, internal pterygoid muscles. The 
external pterygoids, acting together, thrust the jaw 
forward : it is retracted by the posterior fibres of 
the temporal. The grinding movement is performed 
by the alternate actions of the external pterygoids. 
The tongue on the inner, and the buccinator on the 
other side, press the food between the molars, and 
the action of the zygomatici helps to keep the bucci- 
nator and mucous membrane of the cheek from being 
included between the teeth. 
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SALIVA. 

The Saliva is secreted by three glands, parotid, 
sub-maxillary, sub-lingual, and also by the smaller 
glands beneath the mucous membrane of the tongue 
and cheeks. 

Structure of Salivary Olands. — They are com- 
pound racemose glands, and consist of numerous 
lobules, each supplied with a duct and blood-vessels, 
and bound together by connective tissue. The duct 
divides and redivides in the lobule until its smaller 
divisions enter a cluster of saccules, or acini. These 
acini are lined by spheroidal epithelium with well- 
marked nuclei ; the cells occupy nearly the whole of 
the acinus, leaving a very small lumen in the centre. 
The ducts are lined by columnar epithelium. 

CompositLOn. — Saliva is a viscid, frothy alkaline 
fluid, S.G. 1002-1007, and containing about \ per 
cent, of solid matter. From 30 to 60 fluid oz. are 
secreted in twenty-four hours. 

It contains — 

1. Mucin 4. Salts. 

2. Ptyalin. 5. Water. 

3. Albumen. 

Microscopically, epithelium cells, mucus and 
salivary corpuscles are seen. 

Ptyalm or Diastase is an albuminous body of 
the nature of a ferment. 
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The jafttmciinde potBflBimi, solpho^janide ; the 
latter aaJt is reeognised br hs giTing a red colour- 
ation with ferric diloridey which is unaltered by 
Hd, and destroyed bj merciinc ddonde HgCl,. 

TTies. — 1. Liquefies starch foods, and changes 
the starch into dextiin and maltose. 2. Moistens 
the £ood, and therefore assists in mastication and 
de^ntition. 3. Administers to the sense of taste 
by dissolving the food. 

Probably at least two-thirds of our food oon- 
sists of starch. Starch in its nncooked state resists 
the action of the saliya, but wh^i cooked it is 
digested with &cility. If saliva be added in 
moderate qoantity to a jelly or paste made from 
com floor or other form of starch at a temperature 
of the body, in a few moments the jelly becomes 
thin and watery ; this change takes place prior to 
any chemical change. Shortly a distinct action 
will be obtained with Fehling's solution for sugar. 
Later on the reaction becomes abundant. If a 
solution of iodine be added from time to time, it 
will be noted that at first a pure blue colour is ob- 
tained showing the presence of starch, later a deep 
violet tint, then a red colouration, a brown coloura- 
tion, and finally the iodine ceases to give any re- 
action, but the amount of sugar will go on increas- 
ing for a time after the iodine has ceased to colour 
the Bolu Hon. These reactions are very complicated ; 
starch ib converted into sevewl ^ASSsxeo^ >c«A^ 
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ot dextrin before the final change into sugar is 
readied. 

Starch is converted into maltose (C12H22O11), 
a sugar which differs from grape sugar (CgHisOg) 
In having less sweetening power, less readily 
reduces cupric oxide, but exercises more rotatory 
power on polarised light. The starch molecule is 
probably 10(Ci2H2oOio). The final result is re- 
presented by : — 

10(C„H«O„) + 8H,0 S{C,^J)n) + 2{C,,K^0,,) 
solable starch water =» maltose dextrine 

Innervation of the Salivary Glands. — The se- 
cretion of saliva is a reflex act, due to the excitation 
of food placed in the mouth, or to mental stimuli 
induced by the sight or thought of food. 

The arteries supplying the gland are influenced 
by two opposing nerves, (1) the vaso-motor, which 
narrow their calibre and diminish the supply of 
arterial blood to the gland, and therefore lessen 
secretion j (2) the vaso-inhibitory, which antago- 
nise the vaso-motor, and hence increase alike the 
blood supply and the secretion of the gland. The 
vaso-motor are derived from the sympathetic, the 
vaso-inhibitory for the sub-maxillary gland from the 
chorda tympani, passing through the sub-maxillary 
gangKon, and for the parotid, the lesser superficial 
petrosal^ passing through the otic gan.^\oii. 

The presence of food in the ixxo\xt\x B2-^v>ys& 'Ooa 



1 38 DIGESTION. 

terminal fibres of the gustatory (5 th) and glosso- 
pharyngeal nerves ; the sensation is transmitted to 
the medulla ; it is reflected along the chorda tym- 
pani, which, by inhibiting the sympathetic, dilates 
the blood-vessels, and increases the functional acti- 
vity of the sub-maxillary gland, and saliva is poured 
out. According to Heidenhain, the chorda tym- 
pani contains fibres which directly stimulate the 
epithelium, as well as fibres which inhibit the 
sympathetic, the former being paralysed by atro- 
pin. 

In the dog the parotid secretion is the most 
watery and the sublingual the most viscid. Accord- 
ing to Bernard, the sub-maxillary administers to 
the sense of taste, the parotid being connected with 
mastication, and the sublingual with d^lutition. 



DEGLUTITION. 

Deglutition is a complicated act by means of 
which food passes from the mouth into the oesopha- 
gus without any part of it being allowed to enter 
the nasal cavity or the larynx. It is usually divided 
into three acts — 

1. The passage of food to the back of the mouth. 

2. Its passage across the orifice of the larynx. 
J. Its seizure by the comstTiotors and its passage 

through the oesophagus to tlie ^AT[iQ^. 
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1. The bolus having been prepared, the tongue 

carries it back through the anterior pillars of the 

fauces, the movement being effected through the 

Agency of the stylo-glossus and intrinsic muscles of 

the tongue. 

2. The soft palate is raised by the action of its 
muscles, and assisted by the contraction of the 
upper part of the superior constrictor, shuts off the 
cavity of the nose from the pharynx. The larynx 
is raised behind the hyoid bone by the action of the 
stylo-pharyngeus and thyro-hyoid, the vocal chords 
are approximated and the epiglottis closely fitted 
over the rima glottidis by the action of the depres- 
sor. The passages both into the nares and larynx 
being dosed, the descending bolus passes over the 
root of tongue, epiglottis, and beneath a roof formed 
by the contraction and approximation of the palato- 
pharyngeal muscles, is seized by the constrictors, 
and propeUed into the oesophagus. 

Deglutition is a reflex act. 

Afferent Nerves, — Glosso-pharyngeal and bran- 
ches of 5th. 

Nerve Centre. — In the medulla. 

Efferent. — Pharyngeal branch of vagus, hypo- 
glossal, glosso-pharyngeal, and facial. 
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THE (ESOPHAGUS. 

The CEsophaguB is the muscular tube extending 
from the pharynx to the stomach. It consists of 
three coats — 

1. External, or muscular. 

2. Middle, or submucous. 

3. Internal, or mucous. 

1. The External consists of an outer layer of 
longitudinal and an inner layer of circular muscular 
fibres. The muscular fibres in the upper part are 
striated, but are gradually replaced by non-stnated 
in the lower half. 

2. The Submucous coat consists of connective 
tissue, and contains some mucous glands. 

3. The Mucous coat is pale in colour, and when 
the oesophagus is contracted is thrown into longitu- 
dinal folds. In structure it resembles the skin, 
having a cutis, papiUse, rete mucosum, lined by 
stratified flattened cells. 

The food is propelled along the oesophagus by 
the peristaltic action of its muscular walls. It is a 
reflex act : the afferent and efferent nerves are sup- 
plied by the vagus. Food accumulates in the oeso- 
phagus of an animal in which the vagus is divided 
below the pharyngeal branches, the animal being 
able to swallow the food, but the oesophagus fails to 
pass It on into the stomach from paralysis of its 
muscular walls. 
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STOMACH. 
Structure, — Four coats — 

1. Serous. 3. Submucous. 

2. Muscular. 4. Mucous. 

1. The Serous is derived from the peritoneum ; 
it invests the whole organ, except at the curvatures. 

2. The Muscular contains fibres of the non- 
striated variety. Longitudmal, best marked along 
the curvatures and near the pylorus. Circular, 
fanning a complete layer over the whole extent of 
stomach, becoming thick and strong at the pylorus 
and forming the sphincter. Oblique, scattered over 
fiur&ce and continuous with circular of oesophagus. 

3. The Submucous consists of a layer of connec- 
tive tissue between the muscular and mucous. 

4. The Mucous is a smooth pink membrane, 
which is loosely attached to the tissue beneath, and 
when the stomach is empty is thrown into rugse. 
The mucous membiune contains a fine layer of mus- 
cular tissue, the rmcscularis mucosoe, internal to 
which are the tubular glands. 

Tubular Glands. — On examining a section of 
stomach stained with logwood or aniline, rendered 
transparent with glycerine, the tubular glands are 
seen parallel to one another and closely crowded 
together, with their blind extremities towards the 
muscularis mucosae, and opening on t\i^ ^wxiskjc^i^ ^^ 
the mucous membrane. Their leii^V n«x««» i^^^s^. 
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?V ^ ^ ^' ^^^ diam. ^-J^ to ^^ij^ in. in breadth. 
Two different kinds of glands are distinguished ; 
some in larger numbers near the pyloric orifice are 
lined throughout with columnar epithelium, and are 
supposed to secrete mucus and are called miLCoiLS 
glands. The peptic glands have columnar epithe- 
lium at their mouths only, the rest of the gland 
being lined by two different sets of cells ; those at 
the circumference of the tubule resting on the base- 
ment membrane, being oyal in shape, are called 
ovoid or peptic, and another set, occupying a more 
central position, are cubical in shape and are termed 
central cells. 

Delicate lymphoid tissue may be seen in places 
in the mucous membrane, resembling the solitary 
glands of the intestine. 

The Gastric -Juice is a thin, colourless add fluid 
of spedflc gravity 1001 to 1010, containing ^ to 
1 per cent, of solids in man. The daily amount 
varies, an average being 22-24 pints (13-14 litres). 
It contains : 

1. Pepsin. 4. Mucin. 

2. A curdKng ferment. 5. Salts and water. 

3. Hydrochloric acid (free). 

About f rds of the solid matter consists of pep- 
tones and pepsin and ^rd of salts. Amount of free 
HC1='2 per cent. 

Artificial gastric juice is \)es\i ^xe^^JWi^ Xjpj dL%- 
aecting off the mucous membraae ol^ihft %\«rEaax2ti o^l 
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a pig, catting it into small pieces and digesting it 
in glycerine for a few days, filtering and adding 
fresh mncoiis membrane. This may be repeated 
serend times. Each time the glycerine will take 
np a fresh qnantity. A little of the glycerine ex- 
tract added to '2 per cent, solution of HCl will form 
an active artificial gastric juice. 

Action of gastric juice, — ^It has no action on 
stardies, cane sugar, or fats. It simply dissolves 
the connective tissue binding the &t vesicles to- 
gether and setting free the fats. The characteristic 
addon of gastric juice is its action on albuminous 
compounds converting them into the peptones. 
Proteid substances first swell, become semitrans- 
parent, and then dissolve. There are several different 
bodies included under the peptones, such as meta- 
peptone, parapeptone, dyspeptone, but they closely 
resemble one another in properties. They differ 
from albumen in the following ways : — 

1.. They readily diffuse through animal mem- 
branes. 

2. They are not coagulated by heat or nitric acid. 

3. They are not precipitated by acetic acid and 
ferroc3^anide of potassium. 

4. They give a pink colour on the addition of 
caustic potass and a trace of cupric sulphate or 
Fehling's solution. 

They resemble albumen in being "pnreciv^\Xa.\»^ — 
L By tannic acid. 2. Ey \eaJd w»\»Xfe. 



144 DIGESTION. 

The part that pepsin plays in digestion is that 
of a ferment resembling the action of ptyalin in 
the saliva, t'epsin is not destroyed in the act of 
digestion, its digestive power appears to be infinite. 
Yet if more and more fibrin be added to artificial 
gastric juice, it will at last remain undissolved, the 
arrest of digestion being due to accumulation iof 
the peptones and want of acid. For if the liquid 
be diluted and more acid added, digestion will re- 
commence. The activity of the pepsin is greatest 
at a temperature of 30°-50° C. (90-112° F.) It 
is completely destroyed by boiling. 

Grastric juice contains a distinct ferment which 
has the property of curdling milk (Boberts). 

Digestion of the Stomach. — If a quantity of 
milk be introduced into the stomach of a rabbit and 
the animal killed an hour after and laid in a warm 
place for twenty-foiur hours, the walls of the stomach 
will probably be found digested. If a portion of 
the stomach of a dog be ligatured, the wounded 
stomach sewn up, and the dog allowed to live a few 
hours, the portion included in the ligature will be 
digested. The stomach itself is not digested during 
life, in consequence of the circulation through its 
walls of alkaline blood. 

Secretion of Oastric Juice. — The stomach has 
two secretions, one thick, tenacious, and alkaline — 
the gastric mucus ; the other, thin, acid, and watery 
— the gastric juice proper. The former is secreted 
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during fasting, while the latter is only secreted 
^dien food or fluid enters the stomach. Saliva or 
alkalis, pepper, alcohol, excite the secretion of 
gastric juice. Their action is reflex : the vagus is 
probably the afferent nerve, which, acting on the 
medulla, inhibits the sympathetic and dilates the 
blood-vessels supplying the glands ; the efferent im- 
pulses descending along the splanchnics. 

Hovements of the Stomach. — Food during 
d^estion in the stomach is kept in motion by the 
peristaltic action of its walls. By the contraction 
of its muscular fibres currents are set up in its con- 
tents, the food travelling along the large curvature 
and returning by the lesser, while as digestion pro- 
ceeds certain portions are passed through the pylorus 
into the duodenum. 

Vomiting is a reflex act by which the contents 
of the stomach are expelled through ihe cesophagus 
and mouth. Very diiferent circumstances may give 
rise to vomiting. 

1. Irritation of the terminal fibres of the vagus 
from the presence in the stomach of certain sub- 
stances, as ipecacuanha, or a catarrhal state of the 
mucous membrane. 

2. Irritation of the terminal fibres of diflei'ent 
branches of the vagus or sympathetic, as in tickling 
the fauces, an inflamed peritoneum, an enlargement 
of ntem^r^ as in the vomiting of pregnaiiCY. 

3. Direct irritation of the nervous cexA.T«^^ «>&Vs 

o 
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deep brazil ksTiK l!n& i9ikai^tfe^ii|)lingm fixed, 
and ^loOK dosBdL tiiie cmidbc iphinrter k aoddenly 
opeated br fiibr^ wiAJniw B with lihe kngitodmal 
fibres of tlie ^npliaeiB. the •Mnawittl muscles oon- 
tne^ and the sttMBscli beii^ fixed br the dii^^iimgm, 
Its eootenls are expded. 

Stnctmre of SbjH lateitiiie. — ^The snudlintes- 
tine oomineiioeB at the pvkras and eaaptieB itself 
into the caecam, and is about 20 fL in length. It 
is divided into* three portions, the dmodenumj oc- 
cupying the first 10 or 12 in., the npper fths of 
the remainder being jejunumy and the lower ^ths 
ileum. 

It has four ooats^ serous, mnscohur, arecdar, 
maooas. The Serous entirely sarroands the gat, 
except where the vessels enter. T\i<& VnsA'alar con- 
s^i^ of two layers, external longUiudxtwd «A Vdl- 
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temal circular. The Areolar is a loose connective 
tissue layer between the mucous and muscular. The 
HnooiU lines the intestine, and in the upper part 
of the jejunum is thrown into numerous transverse 
folds, called the valvolse conniventes, whicdi are per- 
manent and extoid about §rds of the way round 
the intestine. They increase the absorlung surfiEu^e 
and help to delay the contents of the intestine. The 
mucous coat is separated from the areolar by a thin 
layer of muscular fibres, the muscularis mucosae, 
and, like the stomach, is lined by columnar epithe- 
lium. It is provided with — 

1. Vim. 

2. Brunner's glands. 

3. Crypts of Lieberkuhn, 

4. Solitary glands. 

5. Peyer's glands. 

6. Lymphoid tissue and vessels. 

1. The Villi are small processes of mucous mem- 
brane which extend from the pylorus to the ileo- 
C8ecal valve, and give the inner surface of the 
intestine a velvety appearance. They ai*e about 
^ to ^ in. in length and are closely set together. 
They consist of an external layer of columnar epi- 
thelium, a basement membrane, a plexus of capil- 
lary vessels, a lacteal vessel, a few muscular fibre 
cells prolonged from the musculam Ttm^o^sfo ^^^ 
retiform tissue. 
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2. Bnmner's Glands are small compound glands 
eyi sting in the duodenum. They consist of clusters 
of acini in connection with a minute duct^ which 
opens on the surface. 

3. The Crypts of Lieberkuhn are minute blind 
tubes which exist in every part of the intestine 
opening between the villi. They are lined by co- 
lumnar epithelium and are y^-^ in. to ^^ in. in 
length. 

4. The Solitary Glands are small white bodies 
about the size of millet seeds scattei^d through the 
intestina ^They consist of lymphoid tissue sur- 
rounded by a plexus of capillaries. 

5. Feyer's Glands are groups of glands resem- 
bling the solitary glands in structure. They are 
situated for the most part in the lower portion of 
the ileum. The groups are oblong and placed length- 
ways in the intestine opposite to the attachment of 
the mesentery. 

6. Lymphoid tissue is found in various places in 
the submucous tissue, in addition to that of the 
solitary and Peyer's glands. 

Secretioiis poured into the Intestine. 

BILE is an alkaline, golden yellow fluid of a 
bitter taste and specific gravity 1018, and contain- 
iDg about 1 4 per cent. soUd matter. If it remain 
long in the gall bladder it \>eooim^ NSacAiiwsai'*^'^ 
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presence of mucus. Erom 30 to 40 oz. are secreted 
in 24 hours. 

Composition : — 

1. Mucin. 

2. Bile pigments. 

3. Sodium salts of bile acids. 

4. Cbolesterin. 
6. Lecithin. 

6. Salts and Aq. 

BiL£-PioM£NTs. — The yellow colour of the bile 
of man and carnivora is due to Bilirubin; the green 
colour of herbivora and that of man after oxidation 
is due to BUiverdin, A small quantity of BiU- 
prtuin may be present. 

GmeUn's Test. — When strong yellow nitric acid 
is added to bilirubin or human bile on a white 
platOy a succession of colours is produced in the 
order of the colours of the spectrum — ^green, blue, 
violet^ indigo, and red. If biliverdin be used the 
same result occurs, the first colour being blue. In 
appl3ring the test to urine, care must be taken to 
notice the colours succeed one another in their right 
order, as the presence of indican may cause green, 
blue, and yellow colours. 

Bilirubin may be prepared from dog's bile by 
acidulating with acetic acid and shaking with chlo- 
roform 3 the chloroform dissolves the bilirubin^ aivd 
on evaporation leaves the pigment oi a t^ cs^wx^t. 

o 3 
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Biliverdin may be obtained by allowing an 
alkaline solution of bile to become green by ex- 
posure to the air. The bilirubin is oxidised and 
biliverdin formed, precipitating by HCl, dissolving 
in alcohol and evaporating. Bilirubin is believed 
to be derived from hsemoglobin during its passage 
through the liver. It seems to be identical with 
the hsematoidin found in old blood clots. 

Bile acids are taurocholic and glycocholic adds. 
These acids are composed of cholic acid in combina- 
tion with taurin and glycocine. 

Pettenkqfer^s Test — ^A small quantity of dilute 
bile is mixed with a few drops of sugar (cane sugar) 
and strong H2SO4 added ; the solution becomes first 
cherry red, then of a purple colour. Some other 
organic substances give a similar colour, but may 
be distinguished by the spectroscope. 

Preparation. — Bile is rubbed up with animal 
charcoal and dried at steam heat ; it is thus rendered 
colourless. The bile acids are then dissolved out 
by absolute alcohol and precipitated by ether, as 
silky needles, which readily take up moisture and 
form a syrupy fluid. 

Cholestebin can be obtained best from gall 
stones by boiling with alcohol and filtering while 
warm ; white rhombic crystals of cholesterin form. 
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TTses of Bile. 

1. Slight action in converting starch into sugar. 

2. Assists in, emulsifying and saponifying fats. 

3. Assists ia the absorption of fats. 

4. Increases peristaltic action. 

5. Prevents putrefactive changes in intestines. 

The action that bile exerts in converting starch 
into sugar and in emulsifying fat is slight. Mucous 
membrane, wetted with bile, allows minute globules 
of £Eit to pass readily through it, and in this way it 
aids the absorption of fat. It increases the peri- 
tstaltic action of the intestine, thus aiding in the pro- 
pulsion forwards of the contents of the intestine. 
It stimulates the contraction of muscular fibres of 
the villi, emptying the lacteal, and forcing onwards 
its contents. It checks putrefactive changes. In 
jaundice, where the bile is prevented from flowing 
into the intestine, there is a tendency to constipation 
and flatulence. 

BUe is being constantly secreted and accumu- 
lates till required in the gall-bladder. When the 
acid contents of the stomach enter the duodenum a 
reflex action is set up, leading to the contraction of 
the gall-bladder, and pouring out of bile into the 
intestine. 
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PANCREAS. 

Structure, — The pancreas belongs to the class of 
compound racemose glands, and closely resembles 
the salivary glands, though of somewhat looser 
texture, the lobules being separated by more con- 
nective tissue. 

Pancreatic Juice is a clear, viscid alkaline fluid 
resembling saliva, but of greater specific gravity, 
and containing about 2 per cent, of solid matter. 
About 13-16 oz. are secreted in 24 hours. 

It contains — 

1. Four ferments. 

(a) Trypsin, changes proteids into pep- 
tones. 

(6) Pancreatic diastaae, changes starch into 
dextrin and sugar. 

(c) Curdling ferment, curdles the casein of 

milk. 

(d) Emulsive ferment, emulsifies and sa- 

ponifies fats. 

2. Albumen. 

3. Mucin. 

4. Salts and water. 
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Action. 

1. It changes proteids into peptones in alkaline 
or neatral solutions, afterwards decomposing them 
into leucine and tyrosine. 

2. It converts starch into dextrin and sugar. 

3. It emulsifies and saponifies fats. 

On Proteids. — Pancreatic juice artificially pre- 
pared from pancreas acts in a somewhat similar 
manner on proteids as gastric juice, more leucine 
and tyrocdne however are formed. It acts energeti- 
cally on BQme proteids, as the casein of milk, provided 
the solution is alkaline, but acts less actively than 
artificial gastric on white of e^g. Its solutions re- 
quire to be alkaline, equivalent to one per cent, of 
sodium carbonate. Its activity depends upon a 
ferment called trypsin. 

Pancreatic digestion of proteids difiei*s from 
gastric, in that (1) It requires an alkaline instead 
of acid medium. (2) The proteids are dissolved 
without the preliminary swelling. (3) Leucin and 
tyrosin are formed. 

On Starch, — Pancreatic .juice acts with great 
energy on cooked starch, quickly converting it into 
dextrin and sugar. 

On Fata, — Pancreatic juice when shaken up 
with fats and oils, reduces the oily matters to a 
state of £ne division and suspends tYi^m, ^cstcqcccl'^ ^ 
milky £uid. 
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An ai'tificial pancreatic juice can be made by 
pounding up fi^sh pig's pancreas with powdered 
glass, and adding dilute spirit or glycerine. 

Suocus Entericus. — ^This is the secretion of the 
intestinal glands. It appears to act in a Himilar 
way to pancreatic juice. It alsa contains a ferment 
which converta cane sugar into invert sugar. 

LARGE INTESTINE. 

The larg-e intestine consists of csecum, colon, 
rectum. 

Structure — resembles the small intestine, with 
some modifications. 

The Serous coat completely surrounds the in- 
testine in the transverse colon ; is incomplete else- 
^where. 

The Muscular coat consists of two layers, the 
longitudinal being arranged in three flat bands, ex- 
cept at the rectum. One band is posterior, another 
anterior, and a third lateral or inferior in the 
transverse colon ; along the latter the appendices 
epiploicse are attached. These longitudinal fibres, 
by being shorter than the intestine, throw it into 
sacculi, which are marked off from one another 
by constrictions where the circular fibres are most 
marked. The circular fibres form a thin layer 
over the intestine, and are \)e&t maxkod at the con- 
sMctlons, 
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The Mucous membrane is lined with columnar 
epithelium, and is destitute of villi It has nume- 
rous glands of Lieberkuhn and solitary glands, also 
retiform tissue. 

The junction of the small and large intestine is 
goarded. by a valve, and the termination of the 
rectum by the sphincter. But little, if any, diges- 
tive action goes on in the large intestine ; the prin- 
cipal work done is absorption ; the contents of the 
intestine become firmer and harder as they ap- 
proach the rectum. The contents of the large 
intestines are add, from the acid fermentations 
going on in the faecal matters. 

Movements of the Intestines. 

If the abdomen of a recently killed animal be 
opened, the muscular fibres of the intestine will be 
seen alternately contracting and relaxing, but work- 
ing down the intestine in waves so as to propel the 
contents downwards. This peristaltic action is in- 
creased by the presence of food or bile, or by irrita- 
tion of the vagus nerve. It is checked by irritation 
of the splanchnic. The exact nervous mechanism 
is unknown, but it is probably automatic like the 
action of the heart. The movements of the large 
intestine resemble those of the small ; the faeces are 
lod{ged in the sacculi during the Te\ax».\Aavv ^1 ^Ooa 
intestine. 
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DefscatioiL — The sphincter is normally con- 
tracted under the influence of a nervous centre in 
the cord. The sigmoid flexure prevents the fiBces 
from pressing too heavily on the rectum. The act 
of defaecation consists in an inhibition of the nervous 
centre in the cord which governs the sphincter, 
relaxation of the sphincter taking place. At the 
same time a deep breath is taken, the glottis is 
dosed, the diaphragm and abdominal muscles con- 
tract, press upon the descending colon, and eject the 
contents of the rectum, tiie sigmoid flexure having 
previously become filled by peristaltic action. 

Summary of Digestive Changes. 

The essential work of digestion is p^ormed by 
a singular group of bodies termed ferments. These 
bodies are found in nearly all the secretions poured 
into the alimentary canal, and play an exceedingly 
important part in dissolving the food. These fer- 
ments are soluble in water, and difler in this respect 
from the organised insoluble forms as the yeast 
plant. They diffuse through animal membranes, 
though with difficulty; they are rendered inert by 
a heat of 70^ C. (160** F.), and they are precipitated 
by strong alcohol. {See opposite pcLge,) 

Mouth. — The food is crushed, mixed with saliva, 
and reduced to a pulp ; a certain amount of starch 
converted into maltose and xeTidfic^ ^v^tly alka- 
line. F&ts and proteidB \ma\\«ited. 
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Table of the digestive juices cmd their 
/erments (Roberts). 



IMgesttve Fluid 


Fexments 


A.cU<m 


Saliva . • 


Ptyalin or 
Diastase 


Changes starch into dex- 
trin and sugar 


Gastric joioe 


/ a. Pepsin ,. 

• 
h. Curdling 
ferment 


Changes proteids into 
peptones in an acid 
solution 

Curdles casein of milk 


Pancreatic 
juice 


/«. Trypsin , 

_ b. Curdling 
) ferment 

0. Diastase . 

d. Emulsive 
^ ferment 


Changes proteids into 
peptones in alkaline 
solutions 

Curdles the casein of 
milk 

Changes starch into sugar 

Emulsifies and partly sa- 
ponifies fats 


Intestinal 
juice 


Invertin , , 


Changes cane sugar into 
invert sugar 



StomaclL — Contents rendered add, conversion 
of sliarch into sugar ceases, connective tissue of fats 
dissolved, and fats set free. Proteids dissolved and 
peptones formed. The albuminous foods are dis- 
solved for the most part, and a grumous mixture of 
peptones, liquid fats, and starches is formed, which 
is termed chyme, and is gradually passed through 
UtepyloruB into the intestine, 

p 
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In the Intestine. — The chyme mixes with the 
bile, pancreatic, and intestinal juices, becomes alka- 
line, conversion of starch into sugar recommences, 
emulsifying of fat begins, and the undissolved pro- 
teids are converted into peptones. The diifusible 
peptones and salts enter the portal vein, the fat in a 
fine state of division entering the lacteals. In the 
large intestine the liquid chyme becomes more and 
more solid, is rendered acid by fermentative changes, 
and acquires the odour of faeces. 
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SECTION X. 

ABSOEPTION AND NUTEITION. 

The food must be acted upon by the various secre- 
tioiDLS of the alimentary canal before it can enter the 
blood-vessels or laoteals with which the walls of the 



stomach and intestines are well supplied. 

The Albuminoiis Foods are crushed and reduced 
to pulp in the mouth, and converted into the pep- 
tones by the action of the gastric, pancreatic, and 
intestinal juices. By far the greater part of the 
peptones thus formed enter the capillary blood- 
vessels of the stomach and villi. Being diffwble 
through animal membranes, they pass through the 
Walls of the capillaries by osmosis, enter the portal 
vein, and are conveyed to the liver. In the liver 
they are either split up into more oxidised bodies, 
as glycogen, urea, or kreatin, or are reconverted 
into albumen to assist in the nutrition of the 
tissues. 

The Starches are converted into dextrin and 
sujgar hy the action of the saliva, paiicteaJCvc.^ «xA 
intestinal juices, and being tbus Tendet^^ ^^^>s^<^^ 
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enter the portal vein, and are conveyed to the 
liver. The liver probably converts the sugar into 
glycogen, and stores it up till required to be 
oxidised for the production of heat and muscular 
energy. 

The Fats are crushed and reduced to pulp in the 
mouth, and their fibrous tissue and vesicular en- 
velopes dissolved in the stomach, so that the oily 
matters are set free. In the small intestine they 
undergo two different changes, which are effected 
by the secretions of the small intestine — 

1. They are emulsified. 

2. They are saponified. 

The emulsification consists in reducing the fat 
into fine particles, small enough to readily enter the 
lacteals. The saponification consists in the forma- 
tion of soaps : thus olein is decomposed, the glycerine 
being set free, and the oleic add forming an oleate 
with sodium or potassium for a base. 

Small quantities of the fatty matters find their 
way into the portal vein, but by far the major 
quantity enters the lacteals of the villi The parti- 
cles of fat enter the protoplasm of the columnar cells 
surrounding the villi, so that if these cells be ex- 
amined during a period of digestion, they are seen 
to be distended with fat particles. They next pass 
into the retiform tissue of t\iQ vW\i, «iid t^eiLoe into 
tlie IsLcteal, which commenceam^^NikJXxjia. 'SSssa^^ 
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the fiktty matters forming the chyle pass through 
the mes^iteric glands and into the receptaculum 
chyli and thoracic duct. 

The exact forcias in operation which determine 
the entrance of fat into the lacteals are not tho- 
roughly understood. Animal membranes wetted 
with bile much more readily allow fatty matters to 
pass through them than membranes not so ti'eated. 
The cells surrounding the villi, perhaps, exercise 
Bome selective power, as the glandular epithelium 
does in the convoluted tubes of the kidney. The 
fat once within a villus is driven onwards by the 
contraction of the muscular fibre present in the villi, 
compressing the lacteal and forcing onwards its con- 
tents ; the aspirating power of the thorax supplying 
the vis a/ronte. The fatty matters and albuminous 
materials present in the chyle are gradually, in 
part, converted during its passage through the 
mesenteric glands into the elements of fibrin and 
white blood corpuscles. 

The food that has entered the body in the form 
of meat, starch, sugar, fats, after being digested 
passes into the blood-vessels in the form of peptones, 
fatty matters, and sugar. What processes must they 
undergo before they become formed tissue, such as 
muscle, nerve, tissue, or gland ? But very little is 
known of such changes. Some of the albuminous 
and fatty matters are converted mViO ^\5CL\ft <»sv:- 
puscleB and fibrin, probably tihrou^ V^l'b «iK.\Ksyc^ ^^ 

p 3 
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the blood-glands, i.e., spleen, lymphatic, lenticular, 
tonsils, thymus glands ; the white corpuscles pass- 
ing into red or exuding into the tissues to become 
transformed into the actual cells or fibres of the 
various tissues. 

The albumen, fistts, and sugars absorbed from the 
alimentary canal, pass out of the body at the kidneys 
and lungs as urea, salts, and CO^. About the 
intermediate stages our knowledge is scanty. 

Swmma/ry, 





Teptonea 


( (major part) 


Sugar 


n 


The portal veln^ Salt 


» 


absorbs ] Soaps 


n 


Fats 


(trace) 


VWater 


(major part) 




^Fats 


(major part) 




Soaps 


(small part) 


The lacteala. 


Peptones 


I If 


absorb 


Sugar 


(trace) 




Salts 


» 




IWater 


(small part) 
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SECTION XI. 

THE LIVER. 

The liver is the largest gland in the body and weighs 
50 to 60 oz. In the foetus and child it is larger in 
proportion to the body-weight than in the adult, 
being 1 in 20 to 30 in the child and 1 in 40 in the 
adult. The liver receives the blood of the portal 
vein and hepatic artery, the hepatic veins carrying 
away the blood frbm the organ. Its under surface 
is divided into lobes by five fissures. 

The Fissures are the transverse where the vessels 
and nerves enter ; the longitudinaly situated between 
the right and left lobes, is divided into two by the 
transverse fissure, the anterior part forming the 
umbilical fissure and containing the round ligament, 
and the posterior the fissure of the ductTis venosus^ 
containing the obliterated remains of the ductus 
venosus of the fcBtus. The fissure of the gall-bladder, 
or rather fossa, makes the fifth. 

The Lobes are, right and lejl, separated by the 
longitudinal fissure. The lohulu^ quciid.TaJt'u;^ >Sk^s^^r 
ated between the gall-bladder aivA. \ciTi.^\»>aJ^^aDaN. *^- 
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sure. The hhulvs Spigelii between the fissure for 
the ductus veDosus and inf. vena cava. The lohulus 
caudatus forms a sort of ridge extending from the 
base of the Spigelian lobe to the under surface of the 
right lobe. 

Structure, — The liver has two coverings, the 
serous smdjibrou^ coats. 

The Serous is derived from the peritoneum, and 
is reflected round the organ, except where the vessels 
enter, and at the posterior border. 

The Fibrous or Connective Tissue coat invests 
the whole gland, and at the transverse fissure be- 
comes continuous with the fibrous tissue which ac- 
companies the blood-vessels into the substance of 
the liver and forms the capsule of Glisson. 

Hepatic Lobules. — On section of the liver its 
substance will be seen to be composed of closely 
packed bodies of rounded outline and of about j^g— 
■^Q in. in diameter. These lobules for the most part 
have a darkish red centre and lighter circumference, 
and in some animals, at least, are separated by a 
small quantity of connective tissue. The centre of 
the lobule is occupied by an intralobular vein, which 
collects the blood from the capillaries of the lobule 
and empties itself into the sublobular; the latter 
opens into the hepatic veins. The circumference of 
the lobule is surrounded by the interlobular veins^ 
which Sire branches of tihe porl8A.^^'«\«ai\ esi-^Yllaiies 
passing &x}m the circumference \« \\v^ cerLlx^^ oS. ^^ 
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lobule oonnect the interlobular veins with the in- 
tralobular. 

Tbe Hepatic Artery enters the liver at the trans- 
verse fissure, accompanies the portal vein and ducts, 
and 8U{^lies the connective tissue of the liver. 

The Eepatio Cells are packed in between the 
network of capillaiies in the lobule. They are of 

zounded or polyhedral form, 800*^10^00 ^^' ^ ^' 
meter. They have a yellow granular appearance 
and a well-marked prominent nucleus. They con- 
tain minute oil globules and glycogen. 

The Biliary Ducts commence by a fine plexus 
of capillaries whiqh run between and surround the 
cells. In a very thin section minute openings may 
be seen between the cells, which are the apertures 
of the capillary ducts. The larger bile-ducts are 
lined with columnar epithelium, their coats being 
formed of fibrous and elastic tissue with a mixture 
of unstriated muscular fibre. 

The branches of the portal vein, ai-tery, and duct 
accompany one another through the liver, the hepa- 
tic veins travelling by th^nselves. 

FUNCTIONS OF THE LIVER. 

The portal vein carries the blood which has cir- 
culated through the walls of the stomach and intes- 
tines, pancreas, and spleen. It \!S \o^^^ ^SS^jl 
material absorbed, from the contents oi ^iJtia ^Xwo^a^ 
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and intestines. This blood is submitted to the liver 
before entering the general circulation. In its cir- 
culation through the liver it enters the interlobular 
plexus, travels through the capillaries of the lobule, 
coming into close relation with the hepatie cells, 
enters the intralobular veins, and finally the hepatic 
veins convey it to the inferior vena cava. 

The liver in the adult has at leasi three func- 
tions — 

1. Formation of glycogen. 

2. Action on albuminous substances. 

3. Secretion of bile. 

4. In the foetus it appears to give origin to 
white blood corpuscles. 

1 . Glycogen or Amyloid Substance,, (C^H 1 0O5), 
is present in the cells of the healthy liv«r. When 
pure it is a white, tasteless, inodorous powder, in- 
soluble in alcohol, soluble in water, forming a white 
opalescent solution. It closely resembles starch in 
appearance, but differs from it in being stained red- 
dish-brown by iodine. like starch it is readily 
converted into grape sugar by the action of dilute 
acids or ferments. Besides being present in the 
liver it is found in living muscle, white corpuscles 
of the blood, brain, placenta, and most tissues of 
the fcetus. 

I*reparation, — Fresbi liver \a\>oV\fe^ V\\}cl ^Itqti^ 
solution of KHO, which diasoVvea >3ti^ \\N«tA}\sj6jv\fe 
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■and the giycogen, and on pouring it into alcohol 
the glycogen is precipitated tolerably pure. Another 
method consists in making a decoction of liver, 
precipitating the albuminous matters with potassic 
hydraig. iodide and HCl, and afterwards precipita- 
ting the glycogen with alcohol {see p. 9)« 

Ori^iw.— -Glycogen is principally formed in the 
liver from the saccharine elements of the food. 

Grape sugar — water = glycogen. 

Dogs fed on starch or sugar rapidly accumulate 
large quantities of glycogen in the liver ; when fed 
on a purely animal diet very much smaller quanti- 
ties are found. This appears to show that while 
glycogen is formed in small quantities from albumen, 
yet by far the major part originates from the sac- 
charine elements of the food. 

Destiny of Glycogen, — The fate of glycogen is 
nnoertain. There can be no doubt it serves to 
store up material rich in C and H ; but the exact 
manner in which it is utilised is not fully under- 
stood. Bernard maintained that it is gradually 
reconverted into sugar as required and oxidised in 
the capillaries of the body to maintain the heat or 
to supply muscular energy. He based this view on 
his analysis of the blood, which showed that a larger 
quantitj of sugar existed in tlie "kiei^ft^A^ >()cv«s:L\si.*<5afe 
portal vein. He also found a gic^a^T o^^nq^^^jj >». 
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the arteries than in the veins, which seemed to 
suggest that sugar disappeared in the capillaries. 
Pavy maintains that the hepatic veins during life 
only contain a trace of sugar, and the arteries con- 
tain no more than the veins. He argues that the 
large quantities oi sugar found in the hepatic veinB 
after death are due to a post-mort^n change of 
glycogen into sugar, and that during life only traces 
are to be found. He does not believe that glycogen 
is reconverted Intd sugar during life, and that if it 
were in any quantity, it would run off at the kid- 
neys as in diabetes. The question is still subjiidice. 
Glycogen is doubtless stored in the liver and is 
utilised in the system, either entering the blood as 
sugar or as glycogen in the white corpuscles, or in 
some other way. That it cannot enter the blood 
as sugar in any large quantity is certain^ as, if it did, 
it would certainly be excteted in the urine as in 
diabetes. Bernard found 1 grm. per 1,000 in the 
arteries, and 3-7 grms. per 1,000 in the hepatic 
veins. This quantity seems too small to be <^ 
any great use in maintaining the energy of the 
body, and not improbably the glycogen may be 
utilised in some other way. 

Diabetes is a disease characteiised by an abnor- 
mal quantity of sugar in the urine. Its immediate 
cause is a rapid conversion of glycogen into sugar 
IB the liver, depending pToba^Ay on €«a^ d\^\)f bod 

ration of the blood-'veaaeVB. IX. cwcL>ofc\si^\M«AL 
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artificially in animal 8 hj puncture with a needle of 
the yaso-motor centre of the medulla. This leads 
to dilatation of the blood-vessels of the liver, an in- 
creased supply of arterial blood, and an increased 
conversion of glyoogem into sugar, whfeh makes its 
appearance in the urine. 

2. Action on Albuminous Substances. — (a) 
Preparation of the peptones for assimilation. (6) 
Splitting up of various bodied into urea, <^c. 

(a) The portal vein contains the peptones which 
have been absorbed from the alimentary canal. 
These bodies disappear during their passage through 
the liver, being probably converted into serum- 
albumen. 

(6) The liver probably splits up various sub- 
stances, as albumen, kreatin, leucin, and tyrosin, 
the products being glycogen, urea, and uric acid. 
In certain diseases^ as acute yeilow atrophy of the 
liver, the urea in the urine is lesitened, tiilid tyrosin 
and leucin appear to take its place. 

3. Secretion of Bile. — In all probability the 
pigments and biliary acids are formed in the liver 
and not merely separated from the blood. No trace 
of either of them has been found in frogs whose 
livers have been extirpated. To what extent the 
secretion of bile gets rid of effete matters from the 
system is uncertain. The biliary acids are in large 
part reabsorbed after having taYeu ^^x^. Vcl ""^Sw^ 
digeBtion of the contents of the amaXV mles^vafc^ 
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4. Fcetoi. — ^The idatiTe size of the liver in 
eariy foetal life is about half the body wd^t; at 
full time it is aboat 1 in 18. It reo^ves blood 
from two souToes — (a) the umbiKcal Ton, a por- 
tion of which escapes throng the dnctus venosos 
directly into the inf. vena cava ; (6) the portal vein, 
which carries venous blood resembling that of the 
body generaUy. The functions of the foetal liver 
differ from those of the adult^ principally in its 
being a blood-making organ. After the formation 
of the placenta the umbilical vein brings various 
nutritive materials from the maternal system ; the 
liver seems out of these materials to produce 
numerous colourless nucleated corpuscles which are 
poured into the blood. Probably before birth it 
ceases to do so, the spleen and lymphatic glands 
taking its place. 

The biliary secretion (meconium) of the foetus is 
purely excrementory in character. 
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SECTION XII. 

THE KIDNEYS. 

The kidneys are situated in the lumbar region 
opposite the last dorsal and two or thvee upper 
Inxnbar vei'tebree. They are about 4 in. in length 
and weigh 4 to 5 oz. each. 

Structure, — On making a longitudinal section 
through a kidney the glandular structure will 
appear to be divided into two portions, (1) the outer 
or cortical portion, for the most part occupying the 
surface, except at the hilus ; (2) the medullary por- 
tion, consisting of a number of pyramids separated 
from one another by cortical substance. 

1. The Cortical Substance occupies the greater 
part of the gland, being ^ to ^ in. in depth at the 
surface, and extends into the centre of the gland be- 
tween the pyramids : the cortical portion between 
the pyramids being termed the columns of Bertini. 
It is of a light red colour, and with the aid of a lens 
is seen to he studded over wTLt\i\)T\!^\.'t^^\s3^^^ 
the McUpifjhian bodies. Besidea l\ie«fe \y^^fi«./-^5^, 
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oantains canvohUed tubeSj the cammencemerU of the 
collecting tubes, blood-vessels, and nerves. 

The Medullaiy Portion oocupieB the oeniire of 
the gland, and oonsistB of 8-12 o£ the pyiamids of 
MalpighL These pyramids are surrounded at their 
hases and sides by cortical sabstance, while thdr 
apices project into the dilated portion of the ureter 
at the hiluSy which forms the pelvis. They are of ft 
purplish colour and marked with longitudinal strise» 
and contain collecting tubes, looped tubes of Hemk, 
blood-vessels, a^d nerves. 

UriniMT Tnbnles. — ^The Malpighian bodies are 
Y^ in. in diameter, scattered through the cortical 
substance of the kidney. They consist of a toft of 
capillary vessels contained in a capsule formed by 
the dilated end of a urinary tubule, called the 
McUpighicm capsule. The tuft of capillary vessels 
receives an art^ial twig from an interlobular arterji 
and its efferent vessel forms a plexus surrounding 
the corresponding convoluted tube before joining 
an interlobular veiu. The Malpighian capsule is 
formed of homogeneous membrane, lined by flattened 
epithelium, and joins a convoluted tube by a con- 
stricted neck. 

The Convoluted Tubes commence as capsules in 

the cortex, twist upon themselves several times, and 

then descend in the medullary portion as a looped 

tube of Henle. Tbey at© Amed Vs^ ^^Itkelium of a 

cubical or spheroidal sha\>e, \«a.NSsi% «. N«rj ^xql^^ 
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lumen in the centre, and are surrounded by a 
capillary plexus. 

The Looped Tubes of Henle, commencing at 
the termination of the convoluted tubes, descend for 
some distance, bend suddenly round and re-ascend 
again, the ascending and descending portions being 
parallel ; they terminate in a portion of tube which 
is again convoluted. The looped tubes are narrower 
in calibre than the convoluted, and are lined by 
flattened epithelium. The second convoluted tube 
resembles the first portion, and empties itself into a 
collecting tube. 

The CoUectUlg Tubes are straight, and pass in 
bundles from the base of a pyramid to its apex. 
They are wider than the looped tubes, receive 
numerous other tubes, and are lined with columnar 
epithelium. A cut section of a' pyramid shows 
numerous large apertures lined with columnar 
epithelium, the collecting tubes, — many small ones 
lined with flattened epithelium — the looped tubules 
of Henle, and the cut section of blood-vessels, the 
vasa recta. 

Pyramids of Ferrein. — This term is applied in 
two senses, either to the portion of gland occupied 
by all the convoluted tubes which join one collect- 
ing tube, or to the bundles of collecting tubes seen 
in the cortical portion prior to their entrance into a 
pyramid. 

Blood-Vessels. — The renal artery, on entering 

Q 3 
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the kidney, breaks up into numerous primary 
branches, which travel along the columns of Bertini, 
and are called the artericB proprias renales. 

These divide at the base of the pyramids and 
form ai'ches with their neighbours ; these arches 
give off (1) branches into the cortex termed the 
interlohuhnr arteries, from which the afferent vessels 
to the Malpighian tuft arise ; (2) branches down- 
wards into the pyramids running between the 
bundles of collecting tubes aAd termed the vasa 
recta or arterioR rectce. 

The Eenal Veins. — ^The vewB interhhulares cor- 
respond with the arteries and receive some veins 
termed steUa^te from beneath the capsule, axvd also 
the small veins which reqeive the blood from the 
minute plexus surrounding the convoluted tubes. 

The veruB recta run along the pyramids accom- 
panying the corresponding arteries. 

The venc$ proprice renales pass along the columns 
of Bertini after having been joined by the vense in- 
terlobulares and venae rectse. 

Pelvis and Ureter. — The ureters convey the 
urine to the bladder, their upper dilated portion 
forming the pelvis. The pelvis is divided into two 
or three primary divisions, and these again divide 
into shorter ones termed calices or in/undihtilay 
which receive the papillae or apices of the pyramids 
of Malpigbi. The coUecting tvxbe& vi^n. at the 
jjapillee and discharge their coxtooA^Vii^ Vki^\^V>&. 
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The pelvis and ureters are lined by transitional 
epithelium. 

URINE, 

The urine is a clear yellow fluid of S.G. 1020 
of peculiar odour and acid reaction. It is constantly 
being secreted by the kidneys, and is collected in 
the bladder. On an average 52 oz. (1,500 c.c.) 
are passed per diem. The solids ai^oipit to about 
4 per cent. The principal constituents are the 
following, with their amounts, in 24 hours : — 

TJrea 500 grs., or 33 grai3[imes, 2*2 per cent. 

Uric acid 7-8 „ „ '5 



w ^ » 



Kreatinin 14 „ „ *9 ^ 



Hipptvric acid 6 „ „ '4 

Chlorides 105 „ „ -7 

Sulphates ^ 

Phosphates 

Sodiui^ 

Potassium 

Ammonia 

Earthy salts 

Pigment, <&c., 



99 



Smaller quantities, 



Sources of Urea. — The greater part of the effete 

nitrogen of the body passes out of the system in the 

form of urea, a much smaller quantity in the uric 

acid^ kreatinin, hippuric acid, and Q\iWc ts^qx. ^^^t^^t 

stituentB. The stages by wlaida. >3aft vJJLVsvflscoi^ "^si^ 
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peptones are converted into urea are ill understood. 
It is noty indeed, certain whether the urea is simply 
excreted from the blood by the kidneys, or whether 
the epithelium of the convoluted tubes does not 
convert the kreatin present in the blood into urea, 
to be thrown off into the urine. The two most 
probable sources of urea are — 

(1) Prom kreatin. 

(2) From leucin and tyrosin. 

(1.) Kreatin is found in the blood, and in most 
of the tissues of the body. Muscle contains from -2 
to '4 per cent., while urea does not exist in muscle, 
and only to a very small extent, if at all, in the 
various organs. It is possible that kreatin repre- 
sents the waste product of the albumin of the tis- 
sues. That in consequence of the changes necessitated 
by life there is a constant formation of kreatin in 
all the tissues of the body, and that this kreatin 
passes into urea in the liver or in the kidneys. The 
small increase of urea in the urine after active ex- 
ertion would, on this view, represent an increased 
wear and tear, leading to an increased formation of 
kreatin and urea. 

(2.) K the amount of nitrogenous food be in- 
creased in quantity, the amount of urea excreted in 
the urine is also increased. This would indicate 
that a certain part of t\ie aHWimxi o^ the food is 
spJi't up into urea, &c., w\t\io\>Xi \\& Y^jKTOi^ \s2kksi 
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part in the formation of any tissue. Leucin and 
tjrosin are found in Hie small intestine, and are 
formed when pancreatic juioe i^c^ upg^ albuminous 
foods. It is probable that the leucin and tyrosin 
enter the portal veins, and are converted into urea 
in the liver. This is rendered the iq^oire probable 
from the fact abeady mentioned, that in acute yel- 
low atrophy of the liver, leucin ^d tyrosin replace 
urea in the urine. 

Amount of Urea. — About 500 grains of urea 
escape at the kidneys during 24 hours, but this 
amount varies accordi^^g to circumstances. Tbe 
amount being increased after large quantities of 
animal food> slightly after exercise, and also during 
fevers. The^ urea i^ diminished after vegetable food 
or fasting, and in certain forms of kidney disease. 

UrSBmia. — In certain conditions of the body, 
such as Bright's disease and in fevers, there is a 
greater accumulation of effete material in the body 
than can be carried off by the kidneys. Certain 
toxic effects, such as convulsions, and coma, result. 
This is probably, though not qertainly, due to the 
accumulation of kreatin in the blopd. 

Estimation of Urea. — There are two methods. 
(1) liebig's j (2) Russell and West's. 

(1.) liebig's method depends upon the fact that 
urea forms an insoluble precipitate with mercuric 
nitrate. Before the estimation casi \>^ TciaA^^ ^3wb 
Bulpbates and phosphates preBen\» sct^ ^x^c^^J^^ft^ 
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hj baiyta water, and the liquor filtered* A certain 
quantity of the filtrate is taken, and a aolntion of 
mercoric nita»te of known strength (10 cc := '1 
grm. of nrea) is dropped into the urine wiUi fire- 
qoent agitation: a white predjatate fiJls. From 
time to time as the mercnric aolntion is added, a 
drop of ihe liquid is tested on a white slab with a 
drop of solution of sodic carbonate, when all the 
urea is precipitated and free mercuric nitrate present 
in the solution ; a yellow precip. occurs with the 
sodic carbona.te. The amount of mercuric solution 
added is read off, and the corresponding amount of 
urea estimated. If great accuracy is required, the 
amount of CI present must be estimated, and an 
allowance made in estimating the urea, as no pre- 
cipitate of urea occurs until all the chlorine present 
has combined with the mercury. 

(2.) Bussell and West's method depends upon 
the £act that urea is decomposed by hypobromous 
acid, into GO2, N, H2O. The CO2 is absorbed in 
passing through a solution of NaHO and the N 
measured in a graduated tube. The amount of N 
given off indicates the amount of urea present in 
the urine. 

Uric Acid. — Some 7 to 8 grs. of uric acid are 

excreted daily in the urine, for the most part in the 

form of urates of potassium, sodium, or ammonium. 

The amount varies, bem^ mcx^ajg^^ ^X^sc Qbxmoal 

diet, and in certain diseases, «ia ?,om^. ^^ «ft\sKfc\a. 
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nnoertaiB, being like urea a waste product formed 
from the breaking up of nitrogenous compounds. It 
is probable that in certain derangements of the liver, 
uric acid is formed instead of urea. It represents 
a less oxidised form than urea. 

XreatiniiL. — Some 14 grains daily of kreatinin 
escape by the kidneys. Probably the greater portion 
of kreatin formed in the body has been converted 
into urea, a small amount being converted into the 
kreatiniiL which escapes with the urine. 

Hippniio Acid. — Only about 6 grs. of hippuric 
acid are secreted daily in man; though a very 
much larger amount is present in the urine of the 
herHvora. 

Pigments. — The yellow colour of the urine is 
due to several pigments, the nature of which is ill 
understood. Indiecm also occurs in the urine in 
variable quantities ; it is known by the presence of 
a blue colour due to the formation of indigo, when 
strong adds are added to the urine. 

Inorganic Salts. — Theseare numerous, the most 
abundant being sodium chloride, smaller quantities 
of potassium, magnesium, calcium in the form of 
phosphates, sulphates, chlorides, and carbonates. 
The amount and variety of the salts in the urine 
differ according to the food taken : the alkalies 
being increased during a vegetable diet, the urine 
becoming alkaline, tbe eaii)hy salta \)Qm^ mc^c^idjaj^ 
when animal food is taken. 
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Secretion of Urine« 

The Malpighian bodies, and that portion of the 
urinary tubules known as the convoluted tubes, are 
both engaged in the separation of the urine from 
the blood. The Malpighiaai bodies, sjr before ex- 
plained, consist "of a tuft of capillaries fitting inside 
a capsule communicating with the^onvoluted tubes, 
and are probably engaged in secreting the greater 
part of the water and inorganic salts of the urine, 
the process consisting in a simple transudation de- 
pending upon the pressure in the capillary tuft. 

The convoluted tubes are lined by glandular 
epithelium and are surrounded by a plexus of ca- 
pillaries. The epithelium lining them appears to 
exercise a certain selective influence in secreting the 
urea and uric acid and pigment, or possiUy actually 
effects the change of kreatin into tirea. These sub- 
stances, having been separated from the blood and 
entered the urinary tubules, are washed down by 
the water and salines transuding through the capil- 
lary tufts into the capsule above. 

The amount and character of the urine largely 
depends upon ihe blood-pressure in the 'capillaries 
of the kidney. If the pressure be increased larger 
quantities of water will be passed, and under certain 
circum^tajiceay as in nephritis, albumen, blood, and 
£brmous material . The "b\oo^-Yre«s«x» ^«^ ^«^\!A 
upon the vaso-motor nerves distenNm^fe^ V^ >i>afc x«m^ 
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arteries, also on the state of the general circulation, 
as well as on the action of the heart. Section of the 
renal nerves causes dilatation of the renal arteries, 
increase of capillary pressure, and an increased 
secretion of the watery constituents of the urine. 

Section of the spinal cord below the medulla 
causes a general dilatation of the blood-vessels 
throughout the system, and consequent lowering of 
the blood-pressure in the renal arteries, and almost 
complete arrest of the secretion of urine. 

Stimulation of the divided cord below the me- 
dulla produces a similar result, though not so marked, 
by causing general constriction of the arteries, in- 
cluding the renal, the increased tension inthegeneral 
arteries not being sufficient to overcome the resist- 
ance offered by the constricted renals. 
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SECTION XnL 

THE DUCTLESS GLANDS. 

The spleen, fymphcUic glands (indading lenticular 
glcmds of alimentary canal and tonsils), suprarenals, 
thyrrms and thyroid, form the ductless glands. The 
pituitary, pineal, and coccygeal bodies are not in any 
sense glands, nor have they probably any analogous* 
function to them. 

8PLBBN. 

The spleen is the largest and most important of 
the ductless glands. It is a soft, red, vascular organ, 
situated at the cardiac end of the stomach beneath 
the diaphragm. It has two coats, a serous and 
fibro-elastic. 

The Serous closely invests its surface, except at 
the hilus and at the spot where it is reflected to the 
stomach and diaphragm. 

The Fibre-elastic or Tunica propria is a strong 
capsule surrounding the organ, and passing into its 
3ubatance at the hilus forma a aYiesAk €ot the vessels 
hfd tznbeculse, which divide t\ift ^xA VnXo «^svrrs. 
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occupied by the pulp. It consists of irhite and 
yellow fibrous tissue, and non-striafced muscular 
fibre, the latter well marked in the pig and dog, but 
more scanty in man. The capsule is highly elastic, 
and capable of great distension. 

The Spleen Pulp occupies the spaces between 
the trabeculse, is of a dark red colour, and semi-solid 
consistence. The pulp, when examined in thin 
section beneath the microscope, is seen to consist of 
a network of branched connective-tissue corpuscles, 
the branches joining one another, and forming a fine 
letiform tissue. Many of these connective-tissue 
corpuscles contain a cle^x oval nucleus, and some 
contain yellowish pigment granules, possibly derived 
from the blood corpuscles. The spaces between these 
branched cells contain red and white blood corpus- 
cles, the white being in larger proportion than in 
ordinary blood. 

The Splenic Artery enters the spleen by dividing 
into six or more branches, which ramify in the 
interior, supported by the trabeculse, and break up 
in the pulp into fine branches. The small arteries 
terminate in capillaries, the walls of which eventu- 
ally are lost, their cells becoming gradually trans- 
formed into the connective-tissue corpuscles of the 
pulp, and their contained blood wanders freely 
through the retiform tissue of the pulp. The minute 
vehiB arise in a manner similar to \^i%it m^\xv^*^<^ 
BrterieB terminate, and eventw&Wy erav^'c^ KJassss^.- 
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selves into the splenic vein. Thus the blood in its 
course through the spleen after leaving the arteries, 
wanders freely through the pulp before entering the 
veins. 

The Malpighian Corpuscles are small bodies, 
.about -^jf in. in diameter, and may readily be seen in 
the child's spleen as small white dots scattered 
thickly over the cut surface. They are seated upon 
the small arteries, their sheath being continuous 
with that of the arteries, though in man the sheath 
is not very distinct, and the tissue of the Malpighian 
body is continuous with that of the spleen pulp. 
In structure they consist of lymphoid tissue, the 
leucocytes being densely packed in a fine network. 
A small artery enters their substance. 

Functions. — The exact functions performed by 
the spleen in the animal economy aare ill-understood ; 
the most certain are the following : — 

(1.) During digestion the spleen becomes con- 
'gested, the arteries and trabeculse being relaxed, 
the elastic tissue yielding, and the organ containing 
more blood. This has been attributed by some to 
the necessity of having an excessive quantity of 
blood in the portal system during digestion, the 
spleen acting as a reservoir, but more probably it is 
connected with important changes going on in the 
^leen pulp. 

{^.) The spleen is a source o^ "wViSXa WwA <»y- 
puscJes to the blood ; the spVemc vem ^»TAaMax^\ 
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white to 60 red, whereas in ordinary blood it is 1 to 
400. The blood in passing through the pulp comes 
into dose relation with the lymphoid tissue, and 
new corpuscles are formed. 

(3.) Bed corpuscles are probably broken up and 
disintegrated in the spleen. The spleen pulp shows 
yellowish granular matter, which may be derived 
from the haemoglobin of the red corpuscles. This 
colouring matter may be converted into pigment in 
the liver. 

(4.) The conversion of white corpuscles into red 
has been attributed to the spleen, but this is very 
uncertain. 

LYMPHATIC GLANDS. 
Have already been referred to (p. 87). 

SUPRABENALS. 

The suprarenals are two small bodies of a some- 
what triangular shape which surmount the kidneys. 

They are about 1| in. in height and 1^ in. in 
width. They weigh I to 2 drms. each. 

Structure, — They are invested by a fibrous coat 
which surrounds each organ. On section they are 
seen to consist of a cortical portion forming the 
greater part of the organ, of firm consistence and 
yellow colour, and a medullary portion, which is 
soft and pulpy, and of a brownisYi \>W^oc\Qvrt. 

The Cortical Portion consists o£«k.®ato\>&^^^^'sa».'» 

R 3 
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in the meahesof whidi are cells arranged in columns 
which radiate from the centre of the gland. The 
cells are granolary yellow, and nucleated, and are 
Bhont YTfTV ^- ^ diameter, and contain minute oil 
globules. Small arteries run between the columns. 

The Medullary part is separated from the corti- 
cal bj a layer of connective tissue, and is best marked 
in the suprarenals of young aninials. It consists of 
a stroma, in the meshes of which are endoeed groups 
of cells which are coarsely granular, have no oil glo- 
bules, and some of them are branched. 

Herres. — Bundles of nerves run through ihe 
cortex, and form a network in the medullary part. 

Function. — Nothing is known for certain re- 
garding the function of these bodies. The most 
interesting point is their connection with Addison's 
disease, in which tuberculosis of the suprarenal 
capsules is accompanied by a bronzed tint on the 
skin, vomiting, and progressive emaciation. Some 
maintain that, like the spleen, they exerdse some 
influence in the elaboration of nutritive material in 
the blood. Others believe them to be connected 
with the nervous system, and the cells of the me- 
dullary portion to be nerve cells. 

THYROID GLAND. 

The thyroid gland consists of two lateral lobes 
^siiuated on either side o£ tieA\iQa qjiA Wt^i^l^ and 
^Mii^ by an iijthinus wkiclci ctoaaei^'m lic^xiX* ^1'Ow^ 
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trachea at the 3rd and 4th rings. It is soft, of a 
reddish colour, and weighs from one to two oz., and 
is larger in the female than male. 

Stmoture. — It is invested by a layer of fibrous 
tissue which connects it with surrounding parts. 
It is composed of a number of closed vesicles, which 
are from ^^th in. in diameter to the size of a millet 
seed. Each vesicle is surrounded by a plexus of 
capillaries, is formed of a basement membrane, and 
lined by a single layer of epithelium. They nor- 
mally contain a clear fluid, but often a material of 
jelly-like consistence. The organ is very vascular, 
receiving a large blood supply. 

Function. — ^Nothing is known concerning the 
function of the thyroid body. There are no facts 
to support the theory that, like the spleen, it pours 
white corpuscles into the blood. It is enlarged in 
certain diseases, as in goitre, common in Derbyshire 
and the valleys of Switzerland, and seems to be con- 
nected with the constant use of water impregnated 
with magnesian limestone ; and in exophthalmic 
gottre, a disease characterised by enlarged thyroid, 
prominence of the eyeballs, and irregular action of 
the heart. 
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SECTION XIV. 

NEEVOUS SYSTEM. 

The Nervous System is divided into two great 

divisions : 

1. The Cerebro-spinaL 

2. Tlie Sympathetic. 

1 . The Cerebbo-spinal includes the brain, spinal 
cord, certain ganglia, motor and sensory nerves. 
The motor nerves are supplied to the striated or 
voluntary muscles, the sensory are distributed to 
the organs of sense, skin, and other parts endowed 
with sensibility. The nerve-fibres are mostly of the 
medullated kind. 

2. The Sympathetic consists of a series of gan- 
glia and nerves, which supply the involuntaiy mus- 
cular fibre of the uterus, stomach, intestines, ducts, 
and blood-vessels. The sympathetic system has a 
less symmetrical arrangement than the cerebro- 
spinal ; the nerves are of a reddish colour, and are 
composed, for the most part, of non-medullated or 
grey fibres. 

These two sections of the nervous system are 
j'nti'mateljr connect&d with. eac\i ot^aet/YtAftfe^ ^^-^ 
IBP hardly he regarded as d\a\iviic\* «^^\^\si^\ ^'^ 
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Bympathetic may be regarded as that portion of the 
iiervous system which supplies the internal organs 
and blood-vessels. 

Steucturb op the Nervous Mechanism. 

I. Purely conducting organs, nerves. 
II. Terminal end organs. 
III. Central organs, as brain, cord, ganglia. 

I. Herves. 

Nerves consist of bundles of nerve tubules or 
^y^Tes bound together by a common connective tissue 
^eath, called the epineurium. This sheath contains 
ubious tissue, blood-vessels, numerous connective 
^ue corpuscles, and has also lymph spaces. 

If a transverse section of a large nerve, say the 
sciatic of a dog, be examined under the microscope, 
bundles of nerve fibres will be seen, each bundle 
surrounded by its sheath (perineurium), and the 
bundles will be seen to be connected together by a 
coarser tissue containing vessels, and often adipose 
tissue (epineurium). Between the nerve bundle 
and the perineurium is a space, which is lined by 
flattened cells, and forms the lymph space ; it com- 
municates with the lymphatics of the nerve. The 
nerve tubules themselves are surrounded by fine 
connective tissue, containing numerous cells con- 
tinuous with the perineurium. 

JEacb nerve tubule will be seen m ctQ«& ^^Va^^-^ 
to consist of a central dot (axia c^XvsA^t^n ^^'^" 



VM 



'or Jk dflur i miT^ifal duit does noi sbin 
l oywjod (Br taoanms' (mediiflaij dfemdi), ea- 



a) 



(it) TIlb 'WtJfTT»feBrf Kkvbb sre proBent^ for 
tiie moEC pacc^ in tiie oardbgo-ffprmJ ^stem. They^ 
▼anr ▼erv mng-ii in aze^ bang ficam. ^^nnr ^ loioo 
in. in diamflttc Wlien esamiiied shortlj' after 
doHdu rhsr a p p cag as teanaiiieeDi^ Iioiiiogeneoas 
ti i i ftift wiiiL a sngje contoor. On additioii of 
^aDOQB roB^pBDlB^ it can be made cnk thai a me- 
daQated nonFe cnnaists a£: 

ll) PgTiniti:¥e laarye nhffath. 

(2) White snfaatanoe of Sdiwann. 

(3) A^is eyiinder. 

(I.) The ^ /?r«fitt^t0« ntfrtw skeatk or neorileinma 
ia a thin hyaline membrane which smromids the 
nerve tnbole. In this sheatth <mnTila.r constrictions 
maj be seen at intervals^ which, project into the nerve 
tnbnie as fiir as the axis cylinder; these oonstric- 
tions are called the nodes of San vier. On the inner 
sarface of the sheath are nuclei sorroonded by finely 

' ( ] ) The tpinewrivm is a coaise fibrous sheath idiich 
k 0nironnflft the whole nerve and binds the bundles or 
^0trMjOrfA together, (2) The peri»€un.iim s\£cv>»Tm.^ «mSb. 
m^n/f or hnndle. (3) The jmrnttire nerrt %\mA\S&^'^ssa 
^^^nnhrMDe which forms the aheaxii ol eMi\iTi«r«%\K&s^'^, 
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granular protoplasm ; these nuclei do not belong to 
the neurilemma. 

(2.) The TneduUary sheath is semi-fluid during 
life, but coagulates after death. It consists of fatty 
matters, soluble in ether, and when squeezed out of 
the primitive sheath appear like bright drops with 
a dim contour. When the white substance has 
coagulated, the nerve, which immediately after 
death appears to have a single outline, becomes 
dark-bordered. According to Klebs, the axis cylin- 
der and medullary sheath are separated by a nar- 
row space, called the periaxial apace, containing a 
oement substance. The medullary sheath is stained 
black by osmic acid. 

(3.) The Axis cyliruler is a narrow thread which 
runs through the centre of the nerve. It is albu- 
minous in nature, is continuous with the poles of 
nerve cells, and stains with carmine, logwood, 
chloride of gold, or, better than all, aniline blue-black. 

Medullated nerves when coming near their ter- 
minations lose their medullary sheath. Some me- 
dullated nerves, especially in the optic nerve, possess 
more or less regular varicose enlargements. 

(6) Hon-medullated Nerves consist of— 

(1) Primitive nerve sheath. 

(2) Axis cylinder. 

They closely resemble the med\]A\&\j^ x^kcn^^^ 
but the white substance of Schwasm Va ni^\sJC\»%» 
They vary in size ^^^^ to ^^ Vxi. m ^^axs^^^^ 
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They are present for the most part in the nerves of 
the sympathetic system, but they are also present 
in the oerebro-spinal nerves. 

II. Terminal End Organs. 

(A.) Sensory Nerves end in — 

1. Networks or plexuses. 

(a) Pacinian bodies. 

(6) End-bulbs. 

(c) Touch corpuscles. 

{d) Kods and cones, taste-buds, 

(B.) Motor Nerves — 

1. Striated muscle. 2. Non-striated. 

1. Sensory Networks or Plexuses. — The nerve 
bundles as they approach their terminations divide 
and re-divide till the branches consist of only one 
or two tubules. In the akm and mucous membrane, 
when the nerves are approaching the surface epi- 
thelium, they lose their medullary sheath, join to- 
gether, and form the subepithelial plexus. From 
this plexus fine fibrils are given off, which, acoordmg 
to Klein, pierce the rete mucosum, and end beneath 
the cells of the homy layer, or, according to some, 
in the epithelial cells themselves. 

In the cornea there are two terminal plexuses, 
superficial and deep. The superficial forms a sub- 
epitbelial piexus, which, g^^ea off minute fibrils, 
which end in the interstitial «vxba\aTiefeb«,lu>eefa'"^ 
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^ithelial cells on the surface. The deep plexus is 
fidtuated in the substance of the cornea ; some of the 
fine fibrils are said to end in the corneal corpuscles. 
2. Special Organs— (a) Pacinian Bodies are 
ovoid in shape, about -j^ to ^ in. in diameter, and 
are found attached to the digital, plantar, pudic, in- 
fraorbital nerves and mesenteric nerves of cat. These 
bodies consist of a number of concentric membranes 
placed inside each other, enclosing a clear space in 
the centre, which contains the termination of a 
nerve. Each capsule consists of a hyaline mem- 
brane marked with fine transverse fibres, and lined 
on their inner surface by a layer of endothelial 
cells. There is no fluid between the layers, as 
sometimes described. The central clear mass con- 
tains a hyaline matrix and an axis cylinder, the 
sheath and whit^ substance of Schwann being lost 
before the nerve enters the clear space. Besides 
the nerve a minute artery enters the Pacinian body, 
and distributes capillaries between the capsules. 

(h) End Bulbs exist in man in the conjunctiva, 
lips, mucous membrane of mouth. Soft palate, genital 
organs. They are about ^^ in. in diameter, and 
consist of an ovoid corpuscle, in which a medullated 
nerve fibre terminates. They are surrounded by a 
capsule continuous with the perineurium surround- 
ing the nerve. The matrix is a granular mass con- 
taiziiii^ oval nuclei. The nerve \o»eia \\.^ \xi^xsS«x^ 
Bbeath and ends in a budlike proce»B. 

s 
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(c) Touch Corpuscles exist in the skin in the 
papilla or beneath the epithelium in other situations. 
They are about ^^ in. in diameter, and consist of 
a capsule, with a core of granular matter, which 
receives an axis cylinder after a more or less tor- 
tuous course, (d) Other end organs, as the rods 
and cones, taste-buds, organ of Corti, will be de« 
scribed in connection with sight, taste, &c. 

(B) Terminations in Muscles. — 1. Non-striated 
muscles are supplied with non-medullated nerves, 
which form plexuses. These plexuses give off the 
primitive fibrils which run in tbe interstitial sub- 
stance between the cells ; and, according to some, 
give off fine branchlets, which enter the nuclei of 
the cells themselves. 

2. Striated Muscle. — Nerves surrounded by 

their perineurium run in the connective tissue, 

forming the sheath of the muscle. Branches are 

given off which form a plexus, branches containing 

two or three nerve tubules form an intermediate 

plexus for the supply of the smaller bundles of 

fibres. The nerve tubules enter the muscular fibres, 

the primitive sheath becomes fused with the saroo- 

lemma, while the axis cylinder loses its medullary 

sheath and passes through the sarcolemma. The 

axis cylinder ends on the surface of the muscle 

substance imbedded in a fUt ^raxLular mass, the 

^nd-plate of Kuhne. The eiid-^\a\eaV\e^^\3DL^\^ 

^le form Doydre's prommenceB. 
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III. Structure of the Central Organs. 

The Orey Matter is present on the surface of 
the convolutions of the cerebrum, cerebellum, in 
the central parts of the spinal cord, corpora striata, 
optic thalamus, corpora quadrigemina, ganglia, &xi. 

It consists of: 1. Nerve cells. 2. Nerve tu- 
bules. 3. Pigment. 4. Blood-vessels. 5. Neu- 
roglia. 

White Substance consists of : 1. Nerve tubules. 
2. Blood-vessels. 3. Neuroglia. 

1. Verve Cells are small, rounded or branched 
bodies, destitute of a cell wall, formed of finely gra- 
nular protoplasm, in reality consisting of a fine 
network of fibrils. Each cell contains a nucleus, 
having a well-defined capsule, fine network, and 
a nucleolus. The cells are surrounded by a peri- 
vascular space. In shape they are apolar, unipolar, 
bipolar J or rivuUipolarf according to the number of 
processes they possess. Each process is continuous 
with the axis Cylinder of a nerve. Apolar cells are 
found in the sympathetic ganglia, unipola/r in the 
cerebellum and cord, bipolar in the ganglia on 
the posterior roots of the spinal cord, tripolar in 
the grey matter of the cerebrum, and multipolar in 
the spinal cord. 

Neuroglia. — This name i» ^^ew \» ^^ \x«asfe- 
work of the grey and white matter ol >iXve ost^^c^^ssa.^ 
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cerebellum, and cord. It consists of — (1) Brancliing 
nucleated cells. (2) A fine network of fibrils con- 
nected with the branches of the cells. (3) A homo- 
geneous or finely granular matrix. The neuroglia 
forms a material in which the nerve cells and fibres 
aw imbedded; it slightly varies in different parta 
of the nervous system. 

The white matter is distributed in various 
places in the brain and cord, connecting the grey 
matter of different parts. The nerve fibres are 
medullated, but have no primitive sheath. They 
vary in size, often possess varicose swellings, due to 
an accumulation of fluid between axis cylinder and 
medullary sheath. 

Ganglia. — These consist of rounded or elon- 
gated bodies found in various situations in connec- 
tion with nerves. They are present in the following 
places: 

1. On the posterior roots of the spinal nerves; 
on the roots of the 5th, 7th, vagus, glosso-pharyn- 
geal; in several other situations, as the ophthalmic, 
Meckel's otic, and lenticular ganglia. 

2. In connection with the sympathetic system, 
(a) forming a series by the side of the vertebral 
column ; (b) in numerous other places in the walls 
of the hearty intestines, uterus, and in connection 
wiib the pJexuaea. 

They consist of grey maU«t, ^^ tl^"^^ ^U 
having mostly a pyriform, or to\«A^^ o>\\Jlyqs^ 
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PROPERTIES AND FUNCTIONS OF NERVES. 

1. VutritioiL — Nervous matter receives a rich 
sapply of blood ; the network of capillaries in the 
grey matter is closer than in the white. The nerve 
cells reoeive their nourishment from b'q. sanguinis 
which has exuded from the vessels. Active nerve 
cells absorb and eliminate CO2. Some nerve 
centres exercise an important influence over the 
nutrition of certain nerves ; thus, if a motor nerve 
of the spinal cord is cut off from the grey matter in 
the anterior qomua, it undergoes fatty degeneration, 
and the muscle it supplies becomes atrophic. If a 
sensoiy nerve is divided, the part attached to the 
posterior ganglion remains normal; that part which 
has been separated from the ganglion degenerates. 

When a nerve is cut in a mammal, the ends 
often reunite in a few weeks. 

2. Veryous Excitability and Conductivity.— 
Nerves, like muscles, are irritable or excitable. If 
one end of a nerve is irritated by the application of 
a stimulus, such as the application of heat, the 
electrodes of a battery, or by other means, the irri- 
tation or excitation is conveyed along the nerve to 
its farthest extremity. If the nerve is attached to 
muscular fibre, a contraction is produced; if the 
nerve ends in a sensory centre, a sensation is pro- 
duced^ or the secretion of a gAand ipowx^ wsJ^Si^^ 

nerve terminates there. T\ve n^Tve^ t^^vj^ vo^- 

s 3 
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preesions through the medium of certain terminal 
organs, as the touch corpuscles, rods and cones of 
retina, and convey the impression produced to a 
certain sensory centre, and a sensation is felt ; oi^ 
they receive an impulse from certain motor centres, 
and convey the impulse to their terminations in the 
end plates of the muscle.'', and a muscular contraction 
ensues. 

If the nerves are too frequently excited they 
become fatigued, and a certain amount of repose is 
necessary for them again to conduct impressions. 

There are several methods of measuring the 
velocity of the nerve current. The ordinary method 
in motor nerves of frog consists in applying the 
electrodes directly to the mtisde, and measuring 
the time that elapses before the contraction, the 
contracting muscle recording its movements by 
means of a lever on a revolving drum (a chrono* 
graph marking time); then, if the electrodes be 
applied to the nerve, at some distance from the 
muscle, and the time again measured, it is evident 
that the difference between the two will be the time 
that the nerve current took to travel through the 
nerve. 

The velocity of the nerve current has been cal- 
culated to be about 80 ft. per sec. in the frog, and 
100 to 1^0 fb. per sec. in man, though some placed 
It at 200, Sensory impressions m TaasL\MK^^\3RKBL 
measured in the following way ; — K.Tt«ja^«a\wDX^«» 
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made for a petson to give a signal — the moment he 
feels a prick, say, on his great toe — and the time 
noted between the prick being administered and the 
signal given. Another experiment is made in the 
same way by pricking a point nearer the brain, say 
the knee, and the time measured. The difference 
between the two will be the time the impression 
takes to travel from toe to knee. It has been found 
that the velocity is about the same as in motor 
nerves — 110 to 120 ft. per sec. This method is, 
however, open to many objections. 

3. Electrical Phenomena of Nerves. — Elec- 
trical currents are present in living nerves. If a 
piece of a nerve be cut out and placed upon the 
electrodes of a galvanometer, so that the surface of 
the nerve touches one electrode and the cut end the 
other, a current will be observed to pass from the 
suiface through the galvanometer to the cut end. 
The nerve currents exactly re^mble the muscle 
currents. When the nerve is excited there is a 
diminution or negative variation of the normal 
current. 

Electrotonus. — If a constant current be passed 
along a nerve, the nerve is thrown into a peculiar 
state termed electrotonus. If the current travel in 
the direction of the natural nerve current, the latter 
is increased ; if in the contraiy direction, it is di- 
minished. 

While a portion of nerve \a >;iw^e^^^ ^1 ^^'^ 
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constant current, its properties are to some extent 
altered; the portion in the neighbourhood of the 
positive pole is said to be in an anelectrotonic state, 
while the portion of nerve in the neighbourhood of 
the negative is in a cathdectrotonic state. The 
position of the neutral point between the two varies 
with the strength of the current passing through 
the nerve. With a current of medium intensity, 
the neutral point is midway between the poles; with 
a weak current the neutral point is nearer to the 
positive than the negative ; with a strong current 
the neutral point is nearer the negative than the 
positive. When a nerve is in the anelectrotonic 
state, its natural nerve currents are increased, but 
its excitability and conductivity are diminished. 
When in the cathelectrotonic, its natural nerve cur- 
rent is diminished, but its conductivity and excita- 
bility are increased. 

FflUger's Law of Contraction. — ^When a con- 
stant current of medium strength is passed along a 
motor nerve, no effect is produced upon the muscle^ 
except on opening and closing the current. The 
contraction of the muscle is influenced (I) by the 
direction, (2) by the strength of the current — ^that 
is, the strength of the contraction on making and 
breaking contact varies not simply according to the 
strength of the current applied, but also to the di- 
rection, whether the current is ipaaa^ ^^-^Tv^^Td^ 
j'n a direction from the spinal cord. \»o ^'^ TCL>isj3^^^ 
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or in an upward direction from tbe muscle to the 
cord. The foUowing is a brief statement of the 
&cts : — 



Stren^ of Otmrent 


Descending 


Ascending 


Make 


Break 


Make 


Break 


Very weak 

Weak .... 
Medium .... 
Strong .... 


C 
C 


c 


B 
B 
C 
B 


B 
C 
C 
B 


B 
B 
C 
C 



C — contraction. B — rest. 

From this table it will be seen that, if either a 
weak or a strong current is passed along a motor in 
a downward direction, there will be a contraction 
at making only. With a strong ascending current 
there is a contraction on breaking only. 

Functions and Classification of Nerves. 

Nerves are divided according to their functions 
into— I. Efferevit; II. Affer&rU, 

I. The Eflforent nerves are divided according to 
their uses — (1) Motor fibres, at the peripheral end 
of which is a muscle. (2) Vaso-motor fibres, which 
supply the muscular fibres of the blood-vessels. 
(3) Secretory^ which are supplied to the epithelium 
cells of glands. (4) Inhibitory nerves, which modify 
the action or inhibit the centres to which they are 
supplied. (5) Cownecting motor centres. 

II. The Afferent nerves may be divided into— 
(1) Sensory f which convey sensations of pain or 
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pleasure, hearing, sight, touch ; and (2) Connecting 
sensory centres. 

Eccentric Eeference of Sensations. — The mind 
refers the origin of every sensation that reaches it 
through a sensory fibre to the end organ of that 
fibre, even though stimulation has been applied to 
the trunk of the nerve. Thus, persons whose arms 
or legs have been amputated often feel sensations 
which they refer to their fingers or toes. Any stimu- 
lation of the optic nerve, mechanical or electrical, the 
mind refers to the action of light upon the retina. 

Fimctions of Tenninal Organs. — Probably all 
nerves end at their peripheral distribution in some 
form of terminal organ. The optic nerves are 
connected with the rods and cones of the retina, and 
other sensory nerves are connected with taste-bulbs, 
olfactory corpuscles, tactile corpuscles, or epithelium. 
Motor nerves end in end-plates inside the saroo- 
lemma. Light will not affect the optic nerves, 
except through the medium of the rods and cones ; 
sensations of touch will not be received at the brain 
if the skin is stripped off the fingers. The terminal 
organs seem to play the part of receivers of im- 
pressions, and awaken an excitation in the nerves 
connected with them. 

Functions of Nerve Centres. 

Groups of nerve cells, w\i\«^ fona. V3aa Tv^^ve 
centres, are arranged in t\ie \>ody m Vwo vs^^\«cft&. 
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the cerebro-spinal and the ganglionic system, con- 
sisting of ganglia scattered through the body. The 
centres may be classified in various ways, according 
to their functions ; thus, on the surface of the brain 
there are motor or discharging centres, centres of 
special sensations as of sight, touch ; in the medulla 
there are inhibitory and a>ccelerating centres. They 
all, however, fall into two great divisions, though it 
is not always easy to say to which class they belong. 
These are atUomalic centres and re/lex centres. 

Automatic Actions are actions which are evoked 
in the absence of any influence external to the nerve 
centre. The brain is the seat of the higher auto- 
matic centres, those connected with volition and in- 
telligence. In the medulla the respiratory centres, 
cardiac centres, vaso-motor centres, are in a certain 
sense automatic. So are also the intrinsic ganglia 
of the heart, and the small ganglia found in the 
walls of the intestines. At the same time it must 
lie remembered that many of the centres enumerated 
above are influenced by sensory or afferent impulses, 
and are reflex as well as automatic ; indeed, some 
would deny them their automatism, and believe that 
no motor impulses can be generated in the absence 
of all eccentric influences. 

Beflez Actions. — For reflex actions the follow- 
ing apparatus is required : — 

(1.) A aeDBory surface in coiiiifecX»\aii V^50gl wsl 
afferent nerve. 
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(2.) A group of nerve cells. 

(3.) An efferent nerve connected at its oentral 
end with (2) and by its perij^eral end with some 
mtucle or muscular tissue. The sentient surface or 
end organ being excited, the impulse travels along 
the afferent nerve to the centre, and is reflected from 
the centre along the efferent nerve to the muscle. 

Beflex actions may take place without evoking 
consciousness, and may be entirely beyond the con- 
trol of the will. Such an act is the contraction of 
the pupil under the influence of light. Some other 
reflex actions we are more or less conscious of, and 
can control or modify by our voluntary powers, such 
as the act of respiration or coughing. Some acts 
we are conscious of, but cannot control, as sneezing, 
vomiting. The character of the efferent impulses 
may either depend upon the intensity of the stimulus 
applied, or the energy stored up in the nerve-centre, 
and be out of proportion to the intensity of the 
stimulus. Thus, in a brainless frog, if the skin of 
the flank be irritated, a slight movement of the 
muscle beneath follows ; if the stimulus is increased, 
the hind leg of the same side endeavours to remove 
the irritation ; subsequently if the irritation be still 
greater, all the muscles of the body, including those 
of the limbs of opposite side, will endeavour by 
their actions to get rid of the source of irritation. 
On the other hand the irritaAioii ca.\]fijeA.\s^ -^^^ i^re- 
sence of a hair in the g\oUaa W!i\ ca^ *\xi\«> ^^^ i 
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large number of expiratory muscles, though the 
irritation would seem to be so small in amount. 

The following instances of reflex acts may be 
taken as examples : — 

(1.) Contraction of iris. A.N. = optic. N.C. 
^ corpora quadrigemina. E.N. third. 

(2.) Winking. A.N. = fifth or optic. N.C. = 
corpora quad. E.N. seventh. 

(3.) The first respiration after birth from im- 
pression of cold on the skin. ANs. = sensory of 
cord. N.C. = medulla. ENs. phrenics, inter- 
costals, &c. 

(4.) Vomiting from tickling fauces. ANs. = 
glossopharyngeal, fifth. N.C. medulla. ENs. 
phrenics, Ns. to abdominal muscles, vagi. 

(5.) Sneezing from a draught of cold air. A.N. 
= nasal branches of fifth. N.C.ssmedulla. ENs. 
intercostals, Ns. to abdominal muscles, phrenics, &c. 
(See also page 209.) 

Beflex actions are also seen in various forms of 
disease or abnormal conditions, such as vomiting 
from cerebral tumour, vomiting of pregnancy, 
grinding of teeth from irritation of worms, palpita- 
tion of heart, &c. 

Strychnine excites reflex actions by stimulating 
the centres. Bromide of potassium depresses the 
oentres and diminishes reflex sensibilities. 
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SPINAL CORD. 

The Sphtal Cobd has its upper limit at the 
margiii of occipital foramen, and extends downwards 
to the lower border of the first lumbar vertebra. 
It is fifteen to eighteen inches in length, and pre- 
sents two enlargements, the cervical and lumbar. 
It ends below in the cauda equina, which consists (£ 
a bundle of nervous cords. 

Structure. — The cord consists of — 

(1) The grey matter in the centre. 

(2) The white substance extemallj. 

(1.) The Orey Matter consists of two crescents, 
joined by a commissure, in the centre of which is 
the central canal of the spinal cord. The anterior 
comua of the crescents are rounded, and connected 
with the anterior roots; the posterior are more 
pointed, and connected with the posterior. 

The cells of the anterior comua are large, ^^th 
to T^th inch in^ diameter, are multipolar, and 
contain nuclei and pigment ; some of the cells are 
small and round. In the posterior comua, the cells 
are collected into two groups, the substantia geUUir 
nosa at the extremity of the comua, and ihe posterior 
vesicular column situated on the inner side of the 
comua near the commissure. Many of the cells in 
the posterior comua are desti\.\x\fe o^ ^T^iCftssaw^, 
(2.) The White Mattel is dvvv(ie^m^» \:^^\^'s^ 
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by the anterior and posterior fissures. Each lateral 
half is again divided by two lateral fissures, which 
are merely grooves along the line of attachment of 
the anterior and posterior branches into an anterior, 
lateral, and posterior column. The white substance 
on section, and examination by a high power, dis- 
plays the cut ends of the nerve fibres presenting 
small rings with a dot in the centre. The dot re- 
presenting the axis cylinder, and the surrounding 
space the white substance of Schwann. 

Fimctions of the Cord. 

( I . ) As a conductor of impressions and impulses. 
(2.) As a series of nerve centres. 

The Cord as a Conductor. 

(I.) The spinal cord forms the channel of com- 
munication between the brain and nerves passing to 
the periphery of the body. The exact path of the 
motor and sensory nerves is not definitely settled, 
as there is still a difference of opinion among experi- 
menters. 

Motor Path. — The motor impulses travel along 
the lateral columns of the cord, their decussation 
taking place in the medulla only. The fibres pass 
from the anterior pyramid of one side to the lateral 
column of the opposite side, and join the anterior 
roots of the spinal nerves. 

Sensory Path. — The sensory nerves pass into 
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the cord by the posterior root ; the sensations of 
pain, temperature, &c., travel upwards along the 
central grey matter, those of touch along the poste- 
rior columns ; the decussation taking place imme- 
diately the nerves enter, the sensation travelling up 
the opposite side of the cord. 

According to Ludwig the sensory impressions 
travel along the lateral columns with the motor, 
the anterior and posterior columns being simply 
commissural, connecting different portions of the 
cord together. 

If one lateral half of the spinal cord be divided 
there will be loss of motion on the scmie side, and 
loss of sensation on the opposite. 

Beflex Fimetions of the Spinal Cord. 

(2.) Frog. — If the spinal cord of a frog be 
divided immediately below the occipital foramen, 
the frog will retain its usual sitting attitude, with 
the exception of sinking down into a somewhat less 
erect position, the fore limbs being more spread out. 
It will exhibit no respiratory movements. If one 
of the hind legs be pulled out straight and let go, it 
will be drawn up again to its normal position. If . 
the skin of one flank be tickled, the muscle beneath 
will contract. Pinch the same spot, or apply a 
drop of acetic acid, and the leg of the same. side will 
make a sweeping movement \k> ^««c «sr«^ >3wb 
source of irritation ; if t\ie \eg oi ^^ ^^^ ^^^\fe 
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held or cut off, the leg of the other side will repeat 
the movement. Place the frog on its back, it will 
make no effort to regain its position. The above 
actions of the brainless frog are complicated, co- 
ordinated, purposeful in character ; but, however 
stimulated, the animal never leaps. 

In the Mammal. — For some days after the 
division of the cord in a dog, very feeble reactions 
are given by the nervous mechanism of the cord. 
After some weeks, movements of a varied character 
are evoked by tickling or pinching the toes. 

In man, when the cord is crushed from the 
effects of accident or disease, the legs will start 
up on tickling the soles or in passing water. In 
the normal condition, it is generally possible to 
evoke reflex actions of the cord by gentle stimula- 
tion of the skin by a touch or light stroke. Tick- 
ling the soles of the feet, more particularly during 
sleep, will cause a slight withdrawing movement of 
the muscles of the foot, called the * plantar reflex.' 
The centre for this movement is situated in the 
lower part of the lumbar enlargement. Irritation 
of the skin of the buttock will often produce a con- 
traction of the glutei (gluteal reflex), the nerve 
centre being situated at the origin of the 4th or 
5th lumbar nerves. Irritation of the inner side of 
the thigh will cause a contraction of the cremaster 
(cremasteric reflex), drawing up \\ift \jBe»\K.^<^^ ^^siR^ 
centre being connected with tVie \a^ axi.^ ^\A\\x«^- 

T 3 
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bar nerves. There is also an abdominal reflex and 
an epigastric reflex, which may be produced by 
stroking the side of the abdomen and side of the 
chest respectively. The ' patellar reflex ' is obtained 
by allowing the knee to swing freely, and then 
sharply tapping the patellar tendon, the leg jerking^ 
forward; the nerve centre for this movement is 
situated in the upper part of the lumbar enlargement 
of the cord. 

Inhibitioii of Seflex Actions. — The brain exer- 
cises a powerful influence in restraining or inhibiting 
reflex actions. A brainless frog exhibits reflex ac- 
tions better than one with brain intact. If the ex- 
periment be tried of suspending a frog with cerebral 
hemispheres only removed, with its toes dipping in 
dilute add. and the time which elapses before their 
withdrawal noticed, and the same experiment re- 
peated, stimulating the optic lobes at the same time, 
the time elapsing before the withdrawal wiQ be 
prolonged, showing the optic lobes have inhibited 
the reflex centres. 

Man, by an eflbrt of will, can prevent the with- 
drawal of his feet if the soles are tickled. 



Special Centres in the Spinal Cord. 

(1) Centre for maintaining tonus of the muscles. 

(2) Centre for sphincter of bladder. 

(3) Centre „ rectum. 



MEDITLLA. 211 

(4) Centre of contractions of uterus. 

(5) Centre for erection of genital organs. 

(1.) Tbe muscles of the body are kept in a con- 
stant state of contraction or tonus ; this effect is 
due probably, not to an automatic, but to a reflen: 
mechanism constantly occurring. 

(2) (3.) Centres for micturition and defsecation 
appear to exist in the lumbar region of the spinal 
cord. ' 

(4) (5.) The centres that govern the movements 
of the uterus and erectile tissues are situated in the 
lumbar region of the cord. 

The above centres are to be considered reflex 
rather than automatic. 

THE MEDULLA OBLONGATA. 

The medulla is bounded above by the lower 
border of the pons Varolii, and is continuous below 
with the spinal cord at a level with the foramen 
magnum. 

Structure, — The medulla is divided on the sur- 
face by fissures into short columns, which have 
received different names. Each lateral half having 
from before backwards : — 

ArUerior pyramid. 

Olivary body. 

Lateral tract, 

Restiform body. 

Posterior pyramid. 
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These short columns consist for the most paxt 
of white matter, and are in direct continuity with 
the fibres of the columns of the cord, with the 
exception of the olivary body. The following tables 
show their connection with the spinal cord and 
brain — 



JieduUa. 
Antsbiob ftramids . 

Bestifobm bodies . . 
postebiob ptbamid8 . 



Spinal cord, 

f Anterior oolnxnn of same side 
i Lateral oolnmn of opposite tide 

Anterior oolnmn (small part) 
• Lateral column 
. Posterior column 

Posterior (median) column 



Spinal cord. 



Ajctbbiob cx>LnuN 



Lateral 



POBTERIOR 



» 



>» 



Medulla. 

1. Part of restiform body . 
3. Forms fillet of (^yary 

body 

3. Anterior pyramid same 

side 

1. Part of restiform body . 
3. Anterior pyramid of op- 
posite side .... 
3. Fftsdculus teres . . . 

(1. Part of restiform body . 
- 2. Posterior pyramid, and 
( joins fasciculus teres . 



Brain, 
Cerebellum 

Ck>rpora quadrigemina 

Cerebrum 
Cerebellum 

Corpus striatum 
optic thalamus 

Cerebellum 
Optic thalamus 



The grey matter of the medulla is scattered 
through its substance, forming the numerous cen- 
tres. 



Functions of Medulla. 

(a) Conductor of impulses and impressions. 
(3) A8 a collection o£ nsrv^ ceofece^. 
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(a) The MedtQla as a Conductor. 

The Motor impulses travel through the anterior 
Pj^midSy decussating to the lateral column of the 
<>ppOBite side of the cord. 

The Sensory path is not so well known, but not 
^^probably it lies along ihe fasciculi teretes — small 
^^ands of white matter situated in the floor of the 
fourth ventricle, and formed by a continuation up- 
"^ardi^of the lateral columns and posterior pyramids. 

(5) Nerve Centres in the Medulla. 

1) Respiratory centres. 

[2) Vaso-motor centre. 

[3) Cardiac centres. 

[4) Centres for deglutition. 

[5) Centre for voice. 

[6) „ „ mastication. 
7) „ „ expression. 
[8) „ „ salivary secretion. 

(1.) The respiratory centres consist of an inspi- 
ratory and expiratory centre, and are both reflex 
and automatic. Ordinary respiration is a reflex 
act ; a venous condition, i.e., a want of in the 
blood circulating through the capillaries of the 
longs, stimulates the terminal fibres of the vagus, 
tJie vagus transmits the impreaaioii \o ^'^ \aR^\5^^ 
it is rejected along the pliTenic, Vii^:ievco»\«X^^ k.e,«^\K» 
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the muscles of inspiration, and a fresh supply of 
air is drawn into the lungs. The more venous the 
blood the more vigorously are the terminal fibres 
of the vagus excited, and the more muscles brought 
into play. If the vagi are divided the number of 
respirations sink to at least one-third, but they are 
still continued, and the animal does not die of 
asphyxia. It is probable that the venous blood 
supplied to the medullary centre itself excites it, or 
like the intracardiac ganglia, it acts in an automatic 
manner. 

(2.) The Yaso-Motor Centre is the centre of the 
sympathetic system supplied to the muscular fibre 
of the blood-vessels, intestines, ducts, &c. If sti- 
mulated, the vessels all over the body contract, 
and the arterial tension is raised; if paralysed or 
inhibited they dilate, and arterial tension is lowered. 
The vaso-motor centre keeps the blood-vessels of 
the body in a state of tonic contraction, it acts 
reflexly, and any influence which inhibits it will 
dilate the vessels. 

(3.) Cardiac Centres. — The rhythmical contrac- 
tion of the heart is caused by the action of its own 
intrinsic ganglia, but its action is regulated by 
ganglia situated in the medulla. There are two 
extracardiac ganglia, one accelerating, acting on 
the heart thi'ough the sympathetic, and the other 
inhibitory, associated wvtb. tVife va.^^xa. 

The presence of the a\>ove> ga^^^ T^TA^ce^SioR. 
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medulla of yital importance to the living mammal. 
Death immediately results by destroying it. This 
can readily be accomplished by ' pithing/ i.e,, by 
thrusting an awl-shaped instrument into the me- 
dulla, passing it between the occiput and atlas, and 
breaking up the nervous substance. 

STRUCTURE OF CORPORA QUADRIGKMINA 
AND CEREBELLUM. 

The Corpora Qnadrigemina are four rounded 
eminences, of which two, the TuUes, are in front, 
and two, the testesy are behind. They are repre- 
sented in birds, reptiles, fishes, and some mammals 
by the optic lobes. In structure they are composed 
of white substance on the surface, and grey matter 
within. They are situated immediately above the 
aqueduct of Sylvius, are connected with the medulla 
by the fillet of the olivary body, with the cere- 
bellum by its superior peduncles, and with the 
optic thalamus and optic tract by bands of white 
substance. 

The Cerebellum is situated at the posterior part 
of the brain, and consists of peduncles, various lobes 
and processes. The peduncles are three in number, 
the superior, middle, and inferior ; they serve to 
connect the cerebellum with the cerebrum, pons, 
and medulla respectively. 

The cortical portion consists of grey matter, and 
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the central portion of white substance, with a nu- 
cleus of grey, the corpus dentatum. 

The cortical substance has threo layers : 

(1.) Exterrud, — Consists of small cells sparingly 
distributed, some rounded, others irregular in shapC} 
with various processes ; fibres which are for the 
most part processes of the large cells of the middle 
layer and run at right angles to the surface. 

(2.) Middle. — Consists of cells of Purkinje ar- 
ranged in a single layer. They are pyriform in 
shape, nucleated, and have long processes running 
into the external layer, and are -g^ to -nnnr^ ^^ 
in diameter. 

(3.) Inner or granule layer. — Consists of small 
round granular corpuscles, about the size of white 
blood corpuscles, arranged in dense masses, which 
in stained specimens form a well-marked coloured 
layer. 

Phenomena Exhibited after Semoval of Cerebral 

Hemispheres^ 

Frog, — After the removal of the cerebral hemi- 
spheres, the animal maintains its normal attitude. 
If laid on its back, it will turn over and regain its 
feet. If its foot is pinched, it will hop away. If 
thrown into water, it will swim, reach the edge, 
clamber up, and sit perfectly still. If its back is 
stroked it will croak. If placed m^^\«t «L^^*0(i« 
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^' ^perature raised, it will make efforts to escape. 
^ it jump away after a stimulus has been applied, 
*^ "Will avoid any object in its path. It will never 
^ove without some stimulus being applied. All 
spontaneous action has departed. It will not feed 
itfielfy but will sit still till it decomposes. 

Fish exhibit similar phenomena, they swim 
^bout in the water, but the movements are not 
Voluntary^ but result from the stimulus of the 
Water in contact with the body. 

Pigeon with cerebral hemispheres, removed sits 
on its perch and balances itself perfectly. When 
thrown in the air it flies, when pinched it moves 
forward. If not meddled with it appears to be in a 
profound sleep> though occasionally it will dress its 
feathers or yawn. Its pupils contract normally. 
It resists any efforts made to open its beak, but 
swallows when food is placed in its mouth. It 
makes no spontaneous movements; the yawning 
and dressing ijbself are probably the result of the 
iiritation of the wound. 

i?a66t«.— When the cerebral hemiBpheres are 
removed, the animal is at first prostrate. After a 
while the animal can use its legs, though, the fore 
ones are weak. If pinched it springs forward, but, 
unlike frogs in a similar condition, will strike itself 
blindly against any obstacles in its path. When 
pinched severely it utters criea. 

In higher animals, as cala wdl^ ^o^'» \sssi\sst 
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paralyeis is so marked after the remoYal of the 
hemispheres, that no conclusions concerning equi- 
librium and co-ordinated movements can be drawn. 
At first sight it would appear that consciousness 
was necessary for the performance of complicated 
movements, and the avoidance of objects in the 
path ; the cries elicited on pinching would appear 
to indicate the sensation of pain. Probably they are 
the result of a reflex mechanism, and are similax 
to walking during sleep, or the cries elicited from 
patients when under chloroform. The medulla con- 
tains centres for reflex actions more complicated 
than the cord, and the corpora quadrigemina and 
cerebellum contain centres for still more complex 
acts, as the reflex expression of emotion, the avoid- 
ance of an object when leaping, or the co-ordination 
of many contracting muscles. 

Functions of Corpora Quadrigemina. 

In man they contain (nates or subjacent struc- 
tures) — 

(1.) Centres for* co-ordination of the movements 

of the eye-balls. 
(2.) Centre for contraction of the pupils. 

In some of the lower animals they contain — 

(3.) Centres for co-ordination of retinal impres- 
sions with certain muscular movements. 
(4.) Centre for maintenance of equilibrium. 
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terrier found on applying a weak interrupted 
CQirent to the surface of the nates in the monkey,, 
that irritation of one side caused the opposite pupil 
to become widely dilated, followed by dilatation of 
the pupil of same side. The eye-balls are directed 
upwards and to the opposite side, and the ears 
i^tracted. The legs become extended, the jaws re- 
tracted, and angles of mouth retracted. Irritation 
of the testes produces similar results, but in addition 
cries are elicited. 

Functions of Cerebellimu 

Functiona, — The principal function of the cere- 
bellum, as far as known, is the co-ordination of 
muscular movements in maintaining equilibrium. 
Every form of muscular exertion tends to overthrow 
the body, and disturb the balance. It is found that 
animals that have the largest oerebella have the 
most complex muscular movements. In diseases of 
the cerebellum, the muscles are not paralysed, there 
is no loss of sensation, but the movements are dis- 
orderly, and the gait awkward. 

When the anterior portion of the middle lobe is 
injured, the animal tends to fall forwards; and 
backwards when the posterior part is injured. 
Division of the middle peduncles causes the animal 
to rotate on its longitudinal axis towards the in- 
jured side. Each lateral hali oi ^^ cset^^^^s!^'^''^^ 
aides over the muscular moveni^ttfeB^ oS. '^^ ^8»sas^ 
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8ide, the middle peduncle being connected with the 
motor tract of the opposite side in the pons above 
the decussation. It is doubtful if the cei-ebellum 
has any connection with the generative organs, as 
some have maintained. 

Ferrier found on irritation of the upper surface 
of the cerebeUnm, movements of the eyes resulted, ' 
and also certain movements of the fiead and limbs. 

BASAL GANGLIA. 

The corpus striatum and optic thalamus are two 
bodies situated at the base of the brain, and pro- 
jecting ioito tihe lateral ventricles. 

The Corpus Striatum consists of two masses of 
grey matter: (a) the irUraverUricular or cavdate 
nucleua projects into the lateral ventricles ; {h) the 
extravevUricular or lenticular ntocletis is situated 
external and inferior, and is connected with the 
grey matter of thej anterior perfora;ted space and 
island of Keil. 

The Optic Thalamus consists of grey matter, and 
is situated behind the intraventricular nucleus. 
These ganglia communicate superiorly with the grey 
matter of the surface, and inferiorly with the cord 
by means of the fibres of the crura, pons, and me 
dulla. 

Inunctions. — Destruction of one of the corpora 
striata causes motor paralysis, 'wVA^ ^Nu\\£^\sV?>55k<5j^ 
causes contraction of the m\xsc\©a o^ ^^ Qr^V^-siiy^ 
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^de. An extravasation of blood into one of these 
^l^i^nglia gives rise to hemipl^ia of the opposite side. 
The corpora striata are not the motor centres, but 
^^&ng situated on the motor tract, if injured, 
Paralysis results. Their office in all probability is 
the co-ordination of muscular movements in the 
Performance of complex actions. Each act, for in- 
stance, in learning to dance, is dependent at first 
Upon conscious effort ; after a while the movementB 
become habitual, and are performed without any 
attention being required, and when the mind is 
otherwise engaged. Probably the corpora striata 
are the centres where these complex acts are ren- 
dered habitual, and automatic movements organised. 
Destruction of one of the optic thalami is fol- 
lowed by loss of sensation on the opposite side, 
though this is denied by some. They are not the 
centres of sensation, though connected with the 
sensory path. They probably have the same rela- 
tion to tactile as the corpora quadrigemina have to 
retinal impressions. 

THE CEREBRUM. 

The Cerebral Hemispheres form two ovoid 
masses of grey and white matter, with convolutions . 
on their surface. The grey matter is mostly present 
on the surface, and forms a layer from ^ to ^ in. in 
depth, the amount being greatly mct^wafc^ \p3 '^^^ 
convolutions. The white maUer \a ^\nc^\\.^^ '"^si. 
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various ways, longitudinal fibres as the fomiic, 
trcmsverae fibres as the corpus callosum, peduncular 
fibres connecting the grey matter on the surface with 
the corpora striata (corona radiata), and the latter 
with the pons (cn^ra). 

The gi^y matter of the cerebrum resembles the 
grey matter dbewhere, though the number and 
shape of the nerve-cells undergo considerable varia- 
tion. Five or more layers have been described, but 
they blend imperceptibly into one another. The 
most marked feature in their microscopic structure 
is the presence of cells resembling arrow-heads or 
elongated pyramids in tHe second and third layers, 
their apices being directed towards the surface. 
Multipolar and small round cells are present in the 
fourth and fifth layers. 

Fun^stions, — The grey matter oa the surface is 
the seat of the mind, including memory, intellect, 
volition, the emotions. It contains centres of spe- 
cial sense, sight, hearing, touch, smeil, taste. 
Special motor centres, irritation of which produces 
contractions of the various muscles. (Ferrier.) 

According to Femer, the special motor and 
sensory centres occupy the parietal lobe or its im- 
mediate neighbourhood. By applying electrical 
currents to l^e brains of monkeys and excising 
certain portions^ he hsLs mapped out the various 
centres. He considers the frontal lobes are con- 
nected with the intellectual faculties, and the occi- 
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P^tal with the organic sensations, as hunger and 
^'fcirst. Ferrier's conclusions, whilst interesting and 
^'^portant, have not as yet been universally ac- 
^ted. 

Aphsisia. — The term aphasia is applied to a 

^^ndition in which patients (who at the same time 

^^ for the most part suffering from right hemi- 

t^l^gia) have lost the faculty of speech. There is 

^o paralysis of tongue or lips, no loss of the mental 

^faculties, but the patient has lost the power of 

Expressing himself in words. This condition is 

§^enerally found associated with a lesion of the 

posterior portion of the third frontal convolution. 

(Broca.) 

MOTOR AND SENSORY PATHS. 

The path by which impulses originating in the 
motor centres of the cerebrum reach the muscles, 
and the path by which sensations reach the cen- 
tres from the periphery, are not definitely settled. 
The following summary shows the route as far as 
known : — 



Motor path 

Grey matter of surface 
Ck>rpus striatum 
* Crusta 
Ant. pyramids 
Lateral columns (opposite 
side) 



Sensory path 
Skin 

Sensory nerves 
Posterior roots and ganglia 
* Lateral columns ? (opposite 

side) 
Fasciculi teretes ? 



' Crusfa = superficial longit\idma\ S)ot^^ oi ^^^^ ^"c^^ 
crura. i ^^vi pa,^^ ^iVi'^. 
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Anterior roots 
Motor nerves 
Muscles 



* Tegmentnm 
Optic thalamus 
Grey matter surface 



FUNCTIONS OF THE CRANIAL NERVES. 

First, or Olfactory. — This is the nerve of smell, 
and is distributed to the upper third of the mucous 
membrane of the nose. 

Second, or Optic. — This is the nerve of sigfat; 
its fibres are acted on through the medium of th^ 
retina. 

Third, or Oculo-motor. — The third nerve \m 
purely motor, being distributed to all the muscles 
of the eyeball, except the superior oblique and ex- 
ternal rectus ; it also supplies the circular fibres of 
the iris and the ciliary muscle. ParalysiB of this 
nerve gives rise to ptosis. That is, the eyelid droops 
in consequence of the unopposed action of the orbi- 
cularis, the eyeball is turned outwards and down- 
wards by the ext. rectus and sup. oblique ; the pupil 
is dilated and fixed, and the eye cannot be accom- 
modated to near objects. There is also double 
vision. 

Fourth. — Is purely motor, and supplies the 
superior oblique. 

Fifth, or Trifacial. — (a) Ophthalmic or first 
division is purely sensory to the eye and forehead ; 

' Tegmentum = deep longUudmaX ^x^^ q.1 v^\i& -mA 
crura. 
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injury to this nerve causes ulceration and sloughing 
of the cornea, (b) Superior Maxillary or second 
division, is purely sensory to skin of face, mucous 
membrane of the nose, and teeth of upper jaw. 
Pungent odours> as of ammonia, are perceived 
through this nerve, (c) Inferior, or third division, 
is sensory to the tongue, mouth, teeth, and skin 
covering lower jaw. It -confers tactile sensibility 
on the tongue, and through it pungent and acid 
tastes, as of pepper, vinegar, and mustard, are per- 
oeived. Motor filaments are supplied to the ^luscles 
of mastication, including the buccinator, anterior 
belly of digastric, and mylo-hyoid. 

rSizfh. — ^This nerve is motor to the external 
rectus. 

Seventh.-^->-Incliides the facial and auditory. 
Ihe facial is motor and supplies the muscles of the 
face, lips, stylo-hyeid, digastric, soft palate (through 
the spheno-palatine ganglion), and external muscles 
of the ear. It is the special muscle of expression : 
when injured the corresponding side of the face be- 
comes a blank, the mouth is oblique and dragged 
towards the sound side. The eye is wide open and 
cannot be closed; food accumulates between the 
gum and cheek, and the pronunciation of labial 
consonants is difficult. It gives otf the chorda 
tympani, the latter giving a small branch to the 
stapedius, and is distributed to the tongue and sub- 
maxillary glands. The chorda tympani probably 
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only influence taste through the medium of the sa- 
livary glands. The avdUory is the special nerve of 
hearing. 

The Glosso-pharyngeal. — ^This nerve is motor 
to the stylo-pharyngeiis and constrictors. It is 
supplied to the circumvallate papillse, and is the 
special nerve of taste to the posterior sur&oe of 
the tongue. It specially discriminates bitters and 
savoury foods^ 

The Vagpis or Pnenmogastric. — This nerve 
arises from the medulla, immediately below the 
glosso-pharyngeal. It contains both sensory and 
motor fibres, though part of the latter are derived 
from the spinal accessory. The vagus is distributed 
to three different sets of organs — (a) the lungs and 
respiratory passages ; (b) the heart ; (c) the pharynx, 
oesophagus, and stomach. 

(a) The superior laryngeal is the nerve of sen- 
sation to the mucous membrane of the larynx, and 
supplies one muscle — ^the crico-thyroid. Paralysis 
of this nerve causes loss of sensation in the larynx, 
and interferes with the utterance of high notes from 
paralysis of the crico-thyroid. The vnjerior laryn- 
geal is the motor nerve to the intrinsic muscles of 
the larynx, except the crico-thyroid. Stimulation 
of the central end of the superior laryngeal causes a 
flaccid state of the diaphragm, and excites contrac- 
tions of the expiratory muacles. T\ift^^^Ba& ^\5:!^^\m» 
several different sets of fibres \« \\ift\\x»^,^s^^^«t \«i 
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^^ muscular fibre of the bronchi, ordinary sensory 
^^1^, and fibres which, when stimulated, excite the 
<^titraction of the inspiratory muscles. 

(b) The vagus contains fibres which inhibit the 
^^on of the heart, by antagonising the activity of 
^1)6 intracardiac ganglia. Also sensory fibres which 

^^nvey the sensations of pain, as in angina pectoris. 

(c) The vagus supplies motor and sensory fibres 
^ the soft palate, pharynx, oesophagus, and stomach. 
Stimulation of the central end of the cut vagus 
causes a reddening of the mucous membrane of the 
stomach. The vagus contains fibres which inhibit 
the vaso-motor centre, dilate the blood-vessels of 
the stomach, and cause the gastric juice to be poured 
out. 

EfTects of dividing the Vag^. — If the vagi be 
divided in the neck of a rabbit or dog, the .following 
phenomena will be noticed : — 

(1.) The number of respirations per minute will 
&11 to one-third their normal number, but each 
respiration is about five times as deep, so that the 
quantity of air entering the chest is not altered. 
The vocal cords are apt to fall together from parar 
lysis of the muscles of the larynx. Foreign bodies, 
as food ingested and mucus, are liable to accumu 
late in the air passages. 

(2.) The number of the contractions of the heart 
wiU be increased about 20 pet cfexit., «cA\»l*0w^A«5»% 
at least there is increased artexiaX ^Te-ssxtt^. 
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(3.) Food, if swallowed, accumulates in the oeso- 
phagus. Presence of food in the stomach no longer 
excites the secretion of gastric juice; though this 
latter effect is denied hy some. 

(4.) The rabbit dies in 24 hours, the dog in a 
few days, death taking place from accumulation of 
mucus or foreign bodies in the lungs and air- 
passages, often, giving rise to pneumonia. 

Spinal Accessory.^This is purely a motor 
nerve, though it receives some sensory branches 
from the vagus. Its motoc branches are distributed 
to the trapezius and stemo-mastoid, and supply 
the vagus with motor nerves for the pharynx and 
larynx. 

Hypoglossal, or Ninth. — This nerve is purely 
motor, being distributed to hyo-glossus, genio-hyoid, 
genio-hyo.-glossuB, thyro-hyoid, and muscles of iiie 
tongue, and by its descending branch ta the omo- 
hyoid, sterno-hyoid, and stemo-thyroid. 

THE SYMPATHETIC SYSTEM. 

The sympathetic system consists of numei'ous 
ganglia and nerves, which supply the viscera, glands, 
and blood-vessels of tbe body. The newes consist 
both of medullated and non-medullated nerve tu- 
bules ; the latter greatly predominate.. The sympa- 
thetic nerves are closely connected, and freely 
intermix with the eere\>TO-apm«k\. Tvcr»«e», T\yew 
fwe nnmeroas ganglia beVoivgmg, to ^^^ «^\k^^^>m5. 
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system, and the nerves very frequently form 
plf'Jnises, which for the most part surround blood- 
vessels, and are conducted by them to the viscera. 

The Cephalic portion of the sympathetic consists 
of four ganglia: 1. Ophthalmic. 2. Spheno-palatine, 
or Meckel's ganglion^ 3. Otic, or Arnold's. 4. Sub- 
iQaxillary ganglion. 

The Cervical portion consists of three ganglia on 
each side of the neck, the superior, middle and in- 
ferior. The superior ganglion is the largest of the 
threov It gives off several branches. Its superior 
branch i«. the direct continuation upwards of the 
gangHon ; it accompanies the internal carotid into 
the skull, and divides into an outer and inner 
branch. The outer branch forms the oarotid plexus^ 
which lies on the outer side of the internal carotid, 
and communicates with the Gasserian and Meckel's 
ganglia and the sixth nerve. The inner branch 
aho accompanies the internal carotid, and forms the 
cavemotM plextis ', it communicates through the 
plexus with the third, fourth, fifth, and sixth 
nerves, and with the ophthalmic gaioglion. Ter- 
mkial filaments from these two plexuses accompany 
the branches of the internal carotid. The superior 
cervical ganglion also gives an inferior branch to 
the middle ganglion, external branches to cranial 
and spinal nerves, internal branches to pharynx, 
larynx, and heart (the latter \)eim^ eaX\fe^x^<^ ««^ 
rior curdiac nervey, and anterior \>T«i\<3tv^ \^ ^'^^^^ 
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external carotid. The middle cervical ganglion 
communicates with the ganglia above asnd below, 
and gives spinal, thyroid, and cardiac branches. 
The inferior cervical ganglion commimicates with 
the middle ganglion, gives branches which travel 
with the vertebral artery and form a plex:a8 around 
it, also the inferior cardiac nerve. 

Cardiac Nerves. — The superior, middle, and in- 
ferior cardiac nerves come from the cervical ganglia ; 
the middle is the largest. The deep cardiac plexus 
lies on the bifurcation of the trachea and behind the 
arch of the aorta, and is formed by the cardiac 
branches of the sympathetic and vagi. The super- 
Jicial cardia^c plexus lies below the arch of the 
aorta and in front of the right pulmonary artery; 
it helps to form the anterior corona^ plexus. The 
posterior coronary plexus being formed by the deep 
cardiac plexus. 

The Thoracic Sympathetic consists of a series of 
ganglia, placed on each side of the spine, resting 
against the heads of the ribs. The external branches 
of the ganglia communicate with the dorsal spinal 
nerves. The internal branches of the upper six 
supply the aorta and pulmonary plexus ; the internal 
branches of the lower six unite to form the three 
splanchnic nerves. The great splanchnic is formed 
hy branches from 6th to 10th, it perforates the dia: 
pbragm, and terminates in tV'b ^Tsi\ANS5i»ac ^^2^11^^^ 
^^ And renal plexus. The \eaaec s^\«xv^^^V^ l^T^asJ^. 
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by 10th and 11th ganglia, pierces the diaphragm, 
and enters the ooeliac plexus. The smallest splanchnic 
comes from the last ganglion and passes to the renal 
plexus. The solar, or epigastric plexus, surrounds 
the coeliac axis, and sends branches forming plexuses, 
which surround the phrenic, gastric, hepatic, splenic, 
renal, superior and inferior mesenteric and spermatic 
arteries. The semi-lunar ganglia, which are situated 
on each side of the coeliac axis, are the largest ganglia 
of the body. 

The LiiiiLbar portion of the sympathetic consists 
of four ganglia connected by nerves. 

The FelTic Sympathetic consists of four or five 
ganglia on each side. The hypogastric plexus is 
situate between the common iliacs, and suppb'es 
branches through the inferior hypogastric plexus to 
the rectum, bladder, prostate, vagina and uterus, 
Branches accompany the external iliacs to the lower 
extremities. 

Functions of the Sympathetic. — The centre of 
the sympathetic system is in the medulla; section of 
the cord below the medulla causes a general dilatation 
of blood-vessels throughout the body. The ganglia 
take part in the reflex and automatic acts of the 
body ; such are the ganglia of the intestines and the 
ganglia situated in the heart. The non-striated 
muscles of the body, as the muscular fibres sur- 
rounding the blood-vessels, are supplied by the sym- 
pathetic. 
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The Cervical Sympathetic contains — 

1. Yaso-motor fibres for the corresponding sid^ 

of the head. 

2. Fibres which supply the dilating muscala^s 

fibres of the iris. 

3. Accelerating fibres for the heart. 

4. Fibres for the salivary and lachrymal gland, s^. 

5. Fibres proceeding to the medulla which e:3c- 

cite the inhibitory fibres of the vagus. 

6. Fibres to medulla, which stimulate the vaso- 

motor centre. 

The Thoracic Sympathetic gives off through 
the splanchnics — 

1. Vaso-motor fibres for the vessels of the 

viscera. 

2. Inhibitory fibres for intestine, 

3. Fibres inhibiting renal secretion. 

4. Fibres which inhibit the heart reflexly. 

The Abdominal and PelVi6 Sympathetic con- 
tain fibres which are distributed to the vessels of 
this part, but little is known of them experi- 
mentally. 
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SECTION XV. 
THE SENSES. 

8MELL. 

The mucous membrane of the nose is supplied with 
branches of the olfactory nerve in the upper third 
of the nasal cavity ; branches of the second division 
of the fifth are distributed over the whole suiface. 
The surface is increased by the turbinated bones, 
which are highly developed in some of the lower 
animals. The mucous membrane of the upper or 
olfactory region is provided with modified columnar 
cells, with which the terminations of the olfactory 
nerves are connected. 

Odoriferous substances give off minute particles, 
which, when inhaled, come in contact with the epi- 
thelium of the olfactory tract, and excite the termi- 
nations of the olfactory nerve, giving rise to the 
sensations of smell. Oxygen seems necessary to the 
development of the sense of smelL 

Pungent odours, as of ammonia, are perceived 
by the fifth. 

X 3 
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TASTE. 

The tongue is the organ of taste. The mucoui 
membrane of the tongue receives the impression 
made upon it by the food, and these impressions 
carried to the brain by special nerves. The papill 
lodge the terminations of the nerves and the tost 
buds with which the nerves are connected. Tfw e 
nerves which, directly or indirectly, administer 
the sense of taste are the (1) glosso-pharyngeal su 
plied to the circumvallate papillae, (2) lingual, 
the front and sides of the tongue, and (3) chorcz=dHa 
tympani. 

Special /unction, 
bitter tastes, 
savoury tastes. 

pungent tastes, acids, pepper, S^:^. 
sweet tastes, 
common sensation. 
3. Chorda tympani . stimulates secretion of saliva. 

It is necessary for the development of taste, that 
the substance should be in solution, one of the 
offices of the saliva being to dissolve sapid sul^ 
stances and so render them more evident to the 
taste. 

FEELING AND TACTILE IMPRESSIONS. 

The skin contains special organs as end-bulhSf 
touch-corpuscles, and also the termination of nerves, 
which, when stimulated \>y coii\.«jcX., ^^^S^ \»W ^au- 
sationa of touch. The affereuVn^vN^^ ^^^ ^^\j£^>3!^*^ 



1. Glosso-pbaryngeal 



2. Lingual . 
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lo all parts of the surface of the body, and convey 
to the brain the sensations excited by contax;t. 
Sensations of touch may be divided into — 

(a) Sensations of pain. 

(b) Sensations of temperature. 

(c) Sensations of pressure. 

(d) Tactile judgments. 

(e) Muscular sense. 

It is probable there are separate nerves for con- 
veying to the brain the different sensations of pain, 
temperature, &c. There is reason to believe that in 
the spinal cord, at least, the purely tactile sensations 
travel along special strands of nerves. 

SIGHT. 

THE EYE. 

Structure, — The eye has three ttrnics, or layers. 

(1) Sclerotic and cornea. 

(2) Choroid, iris, and tsiliary processes. 
("3) Retina. 

And three refracting media. 

(4) Aqueous humoui*. 

(5) Crystalline lens. 

(6) Vitreous humour. 

(1.) The Sclerotic ilB a firm, dense, fibrous mem- 
bra)iey forming ^ths of the external coat of the eye- 
ball. It in composed of white fibrous tiiMue, and 
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fine elaatic fibres, with numerous oonnective-tissa^ 
corpuscles. It is continuous in front with tiiA 
cornea, and is pierced behind hy the optic nerve 
It contains blood-vessels and nerves. 

The Cornea is transparent, and forms ^th pavrt 
of the external tunic. It has five layers. 

(1) Epithelial cells of conjunctiva. 

(2) Anterior elastic lamina. 

(3) Cornea proper. 

(4) Posterior elastic lamina. 

(5) Layer of flattened cells lining anterior 
chamber. 

The cornea proper is continuous with the sclero- 
tic, and consists of about sixty lamellae of transparent 
fibrous tissue, and numerous corpuscles contained in 
the cell spaces. It is evascular, but contains nerves. 

(2.) The Choroid is a dark membrane lining 
f ths of the eyeball, internal to the sclerotic. Ita 
external layer consists of veins — the vence varticosa. 
Its middle layer consists of fine capillaries, and ifl 
called the tunica Ruychicma, The internal layer is 
formed of hexagonal cells, loaded with dark pigment 
granules. 

The Ciliary processes are formed by the plaiting 

and folding inwards of the middle and internal 

layers of the choroid; they are attached to the 

suspensory iigament in froxA>, aiA «c^ ^src^xi^g^ in a 

circle around the lens. 
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The Iris is a circular contractile diaphragm in 

^nt of and toaching the anteiior surface of tho 

^^HfiL It is attached by its circumference to the 

^mea, sclerotic, and choroid at their junction with 

o^e another. Its inner edge forms the pupil. In 

structure it consists of muscular fibres, a fibrous 

Btroma, and pigment cells. The circular muscular 

^bres surround the pupil, the radiating fibres pa»B 

from iJie pupil to the circumference. Arteries, long 

Hud anterior ciliary. Serves, radiating fibren, 

Sympathetic ; circular, third nerve. 

The Ciliflry Muscle consists of involuntary mus- 
cular fibres; it arises at the junction of the cornea 
and sclerotic, and is inserted into the choi*oid. When 
it contracts it pulls forward the ciliary processes 
and choroid, and relaxes the suspensory ligament. 
It is supplied by the third nerve. 

(3.) The Ketina forms the inner tunic of the eye, 
and contains the terminations of the optic nerve 
and certain minute bodies, the rods and cones, with 
which the optic nerve is connected. Its thickness 
varies from ^ to ^^ in., it is thicker behind than 
in front, and contains eight layers, which from be- 
fore backwards are — 

(1) Nerve fibres. (5) Outer molecular. 

(2) Nerve cells. (6) Outer nuclear. 

(3) Inner molecular. (1^ "Rjo^^ wcA <»\\rr^. 
(4) Inner nuclear. (^^^ "2\^avcvi\. c^^. 
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The optic nerve passes through the retina and 
spreads out on its surface. External to this layer 
are the nerve cells ; they are of pyriform shape and ' 
have numerous branches. The rods are of elongated 
form, the cones are shorter and thicker at their baaeSy 
the base being directed towards the lens. The fihras 
of Muller pass directly through the layers and help 
to bind them together. 

The Macula Lutea. — ^In the centre of the re- 
tina, and corresponding to the axis of the eye, is a 
yellow spot — the macula lutea; it contains 8ome 
yellow pigment, and is about ^V^* ^ diameter. 
In its centre is a minute depression, ihe fovea cen- 
tralis. The rods are absent over the yellow spot, 
and the cones longer and narrower than elsewhere. 
The other layers are very thin over the fovea cen- 
tralis. 

The Poms Opticas, or Optic Disc. — The optic 
nerve enters the retina about -^ in. on the inner side 
of the yellow spot. It appears as a round white 
disc, and is called the porus opticus. The arteria 
centralis retinas enters through its centre. The rods 
and cones are not present over the porus opticus. 

(4.) The Aqueous Humour. — The aqueous fluid 
fills the space between the lens and cornea. It 
closely resembles water, but contains a small quan- 
tity of salts dissolved in it. 

(5.) The Lens is about ^m. m ^^3Kaife\«t^ \5,v<jiQn- 
vex, being more convex belQmdV5aaKLmi^QoX.,^fl£^^^ 
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Burrounded by a capsule. The outer portion of the 
lens is soft and easUy detached, the succeeding 
layers are firmer, and the central part or nucleus 
is harder still. Faint white lines may be seen 
radiating from tiie centre to the circumference, 
which in the fcetus are three in number and well- 
marked. In the hardened lens, a succession of con- 
centric laminsB may be detached, like the coats of 
an onion. The lamin» are eomposed of fibres, their 
edges are finely serrated and fit into each other. The 
fibres are six-sided prisms, and are in reality elon- 
gated cells, and in the young state contain nuclei. 

ChajigBS in the Lens by Age. — In the foetus the 
l^is is nearly spherical. In the a>duU the anterior 
surface becomes more flattened than the posterior. 
In old age it becomes more flattened at both sur- 
&ces, and its transparency is impaired. 

(6.) The Vitreous Humour. — The vitreous body 
occupies the chamber between the lens and retina. 
It is of a gelatinous consistence, and forms a support 
for the retina. When hardened it exhibits a lami- 
nated structure and numerous corpuscles scattered 
through it. 

ACCOMMODATION. 

If a convex lens be made to throw the image of 
an object upon a screen, and then the object move 
farther away or nearer to the lens, the image on the 
screen will be indistinct, being out of focus, and the 
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lens mnst be moved to get a distinct image. In a 
simUar manner, the crystalline lens mnst be moved 
or its convexity altered when viewing objects at 
different distances, in order to obtain distinct images 
on the retina. If distant objects are being looked 
at, objects a foot distant will be indistinct, and ffice 
versdy unless some accommodating mechanism exists. 
This is accomplished, not by moving the lens as in 
a telescope, bnt by altering its convexity. The lens 
is more or less elastic, and its antepicn? smfaoe is 
kept flattened by the tension^ of tha elastic suRpen- 
sory ligament. If the sa^)ensory ligament is re- 
laxed the lens becomes more convex, and when the 
suspensory ligament tightens it flattens the lens 
again. The contraction of the ciliary muscle, by 
drawing forward the ciliary processes, relaxes lihe 
suspensory ligament, and therefore the lens be- 
comes more convex. 

The accommodation of the eye for near objects is 
a muscular act, being effected by the contraction of 
the ciliary muscle, the lens becoming more convex ; 
accommodation for distant obj<?cts is simply effected 
by the elasticity of the suspensory lis^am^it, the 
ciliary muscle relaxing and the lens becoming 
flatter. Images of distant objects are thrown upon 
the retina when the ciliary muscle is Aot contract- 
Ing, images of near objects are thrown behind, and 
the lens must be rendered tdlot^ coiu^r^V\x:^<5Pc^x\s 
bring them to a focuR on ^^ie> xe^csis.. 
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Hypermetropia. — In the hypermetropic eye, the 
horizontal axis of the eye is shortened, so that the 
retina is nearer the lens than in the normal eye. 
The images of objects are formed behind the retina, 
those of distant objects can be brought to focus on 
the retina by contraction of the ciliary muscle, but 
the images of near objects are formed so far behind 
that no effort of the ciliary muscle will focus them 
on the retina. Convex spectacles are used especi- 
ally for near objects. 

Myopia. — In the myopic eye, Ijhe horizontal axis 
is elongated, so that the retina is farther away from 
the lens than in the normal eye. The image of 
objects will fall in front of the retina, especially the 
images of distant objects. The lens cannot be ren- 
dered sufficiently flat to bring them, into focus, and 
concave glasses must be used. 

Presbyopia, or the long sight of old people, con- 
sists in a defective condition of the accommodation 
apparatus, so that while seeing distant objects dis- 
tinctly, near ones are indistinct. 

Astigmatism. — It sometimes happens that the 
surfaces of the cornea are not equally convex, the 
cornea being more convex in the vertical meridian 
than in the horizontal, or vice versd. This will in- 
terfere with the distinctness of vision ; most eyes 
are slightly astigmatic, with the greater curvature 
in the vertical meridian. 
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of tteFqO. 

Tbe contnetioii of die p«qitl, wiien l^t £d]s on 
the eje, is a reflex act. The dilating fibres ai« 
sof^lied bj the STrnpatfaedCy and tike cireakr by 
the third. The srmpathetie is eanstantlY in action, 
so that when the stimolos of li^t is remoTiod the 
papO dilates. 

The drcidar fibres oontract and ovenxme the 
ooatraction of the radiating when sdmnlated by 
li^t or daring sleep. Division of the sympathetic 
in the neck of the rabbit canses contraction ci the 
pnpiL 

The pnpil contracts — 

(1 ) When gtimtdated by light. 

(2) WTien we accommodate for near objects, 

(3) When the eyebaU is turned inwards. 

(4) Through the action of certain drugs — opium^ 
calfjhar bean. 

The pupil dikUes — 

( 1 ) When the stimuhis of light is removed. 

(2) When the eye accommodates for distarU 
objects. 

(3) Through the action of certain drugs, as 
atropine. 

(4) In dyspnoea. 

PnnctioiLs of tlie B.etiiia. 
The retina, i-eceives t\ie ima^^ ol Ocs^'wiJ^.^q^ 
through its agency they are peTCfevje^>s^ ^^^y^^ 
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The exact use of the different layers of the retina 
is unknown, but the perception of light is probably 
due to the rods and cones. The power of distin- 
guishing colour is said to be due to the cones. 

The optic nerve enters the retina -^ in. to the 
inner side of the yellow spot, and when viewed from 
the front by means of an ophthalmoscope, it appears 
like a round white spot termed the optic disc. The 
optic disc is insensible to light. This can be 
demonstrated by fixing the right eye (the left being 
closed) on a dark spot on a sheet of paper held 10 
in. from the eye. If a black point, like the tip of a 
pen, be made to move from right to left towards 
this spot, it becomes invisible when it reaches a 
point 2^ in. from it, but will reappear again on 
moving nearer. The image of the spot is projected 
on to the macula lutea in the centre of the retina, 
and the image of the moving point falls on the 
optic disc . ( j\f in. from yellow spot) when 2^ in. 
from the fixed black spot. This shows that the 
optic disc is insensible to light. 

The maciUa hitea occupies the centre of the re- 
tina, and is the most sensitive part of it. Small 
objects appear most distinct when their images fall 
in the centre of the retina, as when we look straight 
at an object. Points which appear separate when 
their images fall on the yellow spot, appear as only 
one when their image falls elsewhere, as when they 
are moved out of the centre of the field. 
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Purkinje*8 Figures, — If a strong ray of light be 
concentrated on the edge of the sclerotic near the 
cornea, the light will pass through the sclerotic and 
throw the shadow of the retinal vessels on the re- 
tina, a dark branching figui'e being seen. Or, if on 
entering a dark room, a candle is moved up and 
down by the side of the eye, the same appearance 
will be seen. As the vessels lie in front of the 
i-ods and cones, it is probable that it is through 
them that light is perceived. 



HEARING. 
THE EAR. 

The organ of hearing is divided into— 

(1) External ear. 

(2) Middle ear or tympanum. 

(3) Internal ear or labyrinth. 

(1.) The External ear consists of the pinna and 
the external auditory canal. The pinna consists of 
an irregulai'ly concave piece of yellow elastic carti- 
lage, which receives the sound and conducts it to 
the meatus. The external auditory canal is \\'va.. 
in length, partly cartilaginous and partly bony, and 
conveys the vibrations of sound to the membrana 
tympani, which closes its inner end. 

(2.) The Tympanum is a small cavity hollowed 
out of the temporal bone, which communicates with 
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the external air through the Eustachian tube, and 
contains a chain of bones which convey vibrations 
received by the membrana tympani to the fluids 
surrounding the nervous mechanism of the internal 
ear. Its roof is formed by a thin plate of bone 
which separates it from the cranial cavity. The 
Jloor is narrow, and corresponds to the jugular fossa 
beneath. Its anterior wall cori'esponds with the 
carotid canal, and presents the canal for the tensor 
tympani and the opening of the Eustachian tube. 
The posterior waU presents the openings of the 
mastoid cells. The outer wall is occupied by the 
membrana tympani, and near its margin are three 
small apertures, the iter chordce poaterius and iter 
chordce anteriv^ for the entrance and exit of chorda 
tympani, and the Glasserian fissure for the handle 
of the malleus, laxator tympani and some tympanic 
vessels. The membrana tympani is a thin trans- 
parent membrane which forms the outer wall of 
the tympanic cavity ; it is of oval form, and placed 
obliquely, so that its outer surface looks downwaixls 
and somewhat forwards. The handle of the mal- 
leus is attached to its inner surface, and draws the 
membrane inwards, so that its outer surface is 
concave. 

The inner wall presents the — 

1. Fenestra ovalis. 

2. Fenestra rotunda. 

3. Promontory. 
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4. Ridge of the aqused actus FallopiL 

5. Pyramid. 

6. Opening for the Stapedius. 

The fenestra ovalis communicates with the ves- 
tibule, and is closed by a membrane to which the 
base of the stapes is attached. The fenestra ro- 
tunda, placed below and behind, opens into the 
cochlea, but is closed by a membrane in the recent 
state. The pramontory corresponds with the first 
turn of the cochlea. The pyramid is a conical pro- 
jection which transmits the stapedius inuscle througli 
the minute canal in its centre. 

The ossicles of the tympanum consist of the 
malleus, incus, and stapes. 

The malleus consists of a head, a neck, and three 
processes. The incus resembles a bicuspid tooth 
and consists of a body and two processes. The 
stapes resembles a stirrup. The muscles of the 
tympanum ate the tensor iympani, which aris© 
from the p'^trous portion of the temporal bone and 
the walls of its canal ; it is reflected round the pro- 
cessus cochleariformis, and is inserted into the root 
of the handle of the malleus The laxator tympani 
arises from the spine of the sphenoid, passes through 
the Glasserian fissure, and is inserted into the neck 
of the malleus. This muscle is considered by some 
to be a ligament. The stapedius arises from the 
n^uJIs of its canal, and is ins^Y^fc^ m^o ^^^ \^^0«.viS. 
the stiij}es. 
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(3.) The Internal Ear or Labyrinth consists of 
the vestibule, semicircular canals, and cochlea. 

The Vestibule is situated on the inner side of 
the tympanum, behind the cochlea, and in front of 
the semicircular canals. * It is somewhat ovoid in 
shape, and measures about ^ in. in Itogth; On its 
outer wall is the fenestra ovalis, closed by the base 
of the stapes and membrane ; on its inner wall is 
the fovea hemiapherieay pierced by mintite holes, for 
the filaments of the auditory nerve and opening of 
the aquseductus vestibttli ; on its roof is a small de- 
pression, the fovea semi-elliptica, and behind are 
the five openings of the semicirctdar canals, and in 
front an opening which communicates with the 
cochlea. 

The Semioiroular Canals are three bony canals 
of about j^th in. in breadth, which open into th^ 
vestibule, on its posterior aspect, by ^ve openings, 
the superior and posterior having one opening in 
common. 

Thd superior is vertical and transverse in posi- 
tion. 

1?he posterior is vertical and longitiidinaL 

The external is hoii^ontal. 

The Coclilea is situated in front of thid vtetibnle 
and resembleiS a small snail-shell. It is ^ in. in 
length, and consists of a Canal ^hich winds spirally 
around a central column. This osseous canal is 1^ 
in. in length, and winds 2^ times round the central 
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axis or modiolus. The canal is divided into two br^^Y 
a delicate plate of bone, the lamina spiralis, whic:=^^^ 
follows its windings. From the edge of the lamir:::*^ 
spiralis two membranous structures stretch to tl:^==^^ 
outer wall, dividing it into three canals. The mei^f^' 
branes are called the m. of Reissner and the m. ^^ 
Cortiy or membrcma basilaris. The canals are tkn^*® 
scala vestibuli, scala tympanic and scala media C^^^ 
ccmal of Cortiy the latter interposed between tt:»-^ 
other two. The scala media contains the organ ^:^^ 
Corti. The scala tympani communicates with tliB-^ 
tympanum by means of the foramen rotundum, tb.^ 
scala vestibuli with the vestibule, though bo1>l> 
openings are closed by a membrane in the reoeiL^ 
state. 

The membranous lahyrvnth is a closed mem- 
branous sac containing fluid. It corresponds in 
shape to the vestibule and semicircular canals, and 
is continuous with the canal of Corti ; it contains 
the terminations of the auditory nerve, is filled with 
the endolymph and surrounded by the perilymph. 
The vestibular portion consists of two sacs, the 
utricUf lodged in the fovea hemi-elliptica, and the 
saccule in the fovea hemispherica. The membranous 
semicircular canals are about ^rd the diameter of 
the osseous canals ; they are hollow, and open into 
the utricle. In the endolymph of the utiicle, sac- 
cale, and ampxiWdd of tlae swo.id.YcvA'ax c^x^<& \3cks;c^ 
are hair- like proceos^ attac\ie^to\k^«iV^^^^^^'^^^ 
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^d numerous crystals of carbonate 6f hM^ called 

The membranotis cochted cOnsistB of the S. Ves- 
^buli and S. tympani, containing perilymph, aiid tile 
^^anal of Corti, containing the endolyniph and Orgi^ 
C)f Corti. 

The organ of Vorti is situated on the m^mbrana 
basilaris, and Consists of the rods of Corti, and tm- 
merous hair-c6lls. The rods of Corti aii^ arranged 
in rows, their upper ends in contact wilh one 
another, and their lo^ei* ends resting on th^ meni- 
brana basilaris. The hair-cells are supported on 
the rods, and consist of columnar epithelium pro- 
vided with haiir-like processes. 

The Auditory Nerve is distributed to the vesti- 
bule and cochlea. The Vestibular division divides 
into five branch^, which are distributed to tb'e 
utricle, the saccule, and the three ampullae of the 
semicircular canals. The termination^ of the nerves 
are connected with the hair-cells, and float ih the 
endolymph. The cOchlea division pasiSiBS into a 
small bony canal, which runs up the modiolus, and 
then is distributed to the rods of Corti, and 
hair-cells passing between the layers of the lamina 
spiralis. 

Eimetions of the External and Internal Ear.— 
The external ear collects the waves of sound, and 
the auditory canal conveya tYieoi \ft ^i*£^'^ Ts\Rja^cst"«jQSi. 
tymp&ni. 
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The mrnibrana tympcmi receives the waves, anc 
is set into vibrations accordingly. 

The tensor tympani renders tense the mem1 
tympani. When the membrane is tense it readily ; ^j 
responds to high sounds, and when relaxed it ^ j s 
best adapted for receiving low sounds. 

The auditory ossicles, — The malleus is attach^^^ 
by its handle to the membr. tymp. and any mo\ — -^- 
ment of the latter is communicated to the malleu^L^. 
The incus and stapes transmit the vibrations to tH=ie 
membrane covering the fenestra ovaUs, and tlfce 
vibrating membmne sets in motion the perilymf3li 
of the vestibule. 

The stapeditcs regulates the action of the stap^38. 

The JSitstachicm tube forms a communicatLon 
between the tympanum and external air, and is 
opened during the act of swallowing. 

The labyrinth, — The vibrations communicated 
by the ossicles to the perilymph of the vestibule 
pass through the cochlea, ascending by the scala 
vestibuli, and descending by the scala tympani to 
the fenestra rotunda ; and also passing along the 
perilymph of the semicircular canals. The vibra- 
tions of the perilymph are communicated to the en- 
dolymph of the scala media, and the terminations of 
the auditory nerve by means of the rods of Corti 
and hair-cells. The endolymph contained in the 
membranous labyrinth, ot t\i<a Ne&Xi^xsXft ^\A ^^soiv 
circular canals in like maxm^i: comv$i\«iARaX«e. Viaa 
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vibrations to the auditory nerve through the me- 
dium of the hair-cells. 

The vibrations travel along the following chan- 
nels to reach the auditory nerve — 

Concha. 

External auditory meatus. 

Membrana tympani. 

Ossicles. 

Perilympli of vestibule — utricle and saccule. 



l*erilympb of S. vestibuli 

„ S. tympani 

^ndolymph of C. of Corti 
Basilar membrane 
Bods of Corti 
Hair-cells 
Auditory nerve 



Perilymph of semicircular 

canals 
Endolymph of ampullae 
Ooliths and hair-cells 



Auditory nerve 
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sscnoN XVI. 
MKCHAXISM OF SPEECH. 

Spbbcb oonsthntos one of tiie great differences be- 
tween tbkul and the lower animalB, and is of gieat 
importnnoe as a means of oommonication between 
man and his feDows. It depend^ — 

1. Upon a snitaMe medianical apparatosforthe 
prodoction of soonds. 

2. Otlier medianical arningeiii^tB in the oral 
cavity for modifying those soands. 

3. Nervous centres for co-ordinating the mnscn- 
lar movements, and intellectual powers of a high 
order to expre^ ideas^io language. 

I. THE LARYNX. 

The Icarynx^ consists of cartilages, various mus- 
cles and ligaments, 

1. The Cricoid — ^resembles a signet ring, being 

d^P behind and narrow in fron^t. It gives attach- 

meut fvt its front amd si4es to the crico- thyroid, and 

fpehind this to the infexioT caiv«\srvRX«t. '^a^ 

riorly it given attachment to t\\e csso^^^^oa «d.^ 
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^oo-arytenoides posticus. Its upper border gives 
attachment to the crico-thyroid membrane and crico- 
^^tencadeas lateralis. It has articular surfaces, 
^or the thyroid behind, and arytenoids superiorly. 

2. The Thyroid cartilage consists of two lateral 
Wyes, of a quadrilateral shape, joining at an acute 
^aigle in front, and forming at their upper angle the 
jmfhum AcUmii. The outer surface gives attach- 
ment to the thyro-hyoid, stemo-thyroid, and inferior 
constrictor. At the posterior inferior angle there 
are two oomua for articulation with the cricoid. 
Its posterior border gives attachment to the stylo- 
phaiyngeus. At the angle formed by the ale on 
the inner aspect it gives attachment to the epiglottis, 
i^e false and true vocal cords, and thyro-arytenoidei. 
Its inferior border gives attachment to the crico- 
thyroid. 

3. The Arytenoid cartilages resemble pyramids, 
having three surfaces, a base, and apex. The base 
is seated on the cricoid, its anterior angle giving 
attachment to the true vocal cords, and its external 
angle to the crico-arytenoid, posticus, and lateralis. 
The posterior surface gives attachment to the aryte- 
noids, and the anterior to the false vocal cords, and 
thyro-arytenoids. 

4. The Epiglottis is shaped like an obovate leaf, 
being round at its free extremity, and pointed in- 
feriorly where it is attached to tVie dxi^<& io\Taft\>s^ 

the alas of the thyroid. 

z 
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It isi composed of yellow elastic cartilage, 
covers the superior opening of the larynx, and 
covered by mucous membrane, which is reflected 
the neighbouring parts. 

5. The Comiciila Laryngis, or Cartilages oi 
Santoriniy are two small nodules of yellow fibpo- 
cartilage, which are placed at the summit of tJie 
arytenoids. 

& The Cimeiform Cartilages, or Cartilages of 
Wrisberg, are two yellowish^ cairtilaginous bodies 
situated in the aryteno-epiglottidean folds. 

Stritcture of the cartilages^ — The epiglottis, 
comicula laryngis, and cuneiform cartilages, consist 
of yellow fibro-cartilage. The otlver cartilages are 
hyaline, resenibling the cost^, and are prone to 
ossify. 

The Vocal Cords — so called from their being con- 
cerned in the production of the voice— -are two bands 
of yellow elastic tissue covered with, mucous mem- 
brane, attached in front to the angle between the 
alae of the thyroid, and behind, to the ajiterior angle 
of the base of the arytenoid They are continuous 
below with the crico-thyroid membran.e, and their 
free edges are du^ected upwards. 

The False Vocal Cords are two folds of mucous 
membrane, enclosing £ibrous tissue, situated above 
the true vocal cords. 

The Ventricle of tJie "Lac^icL \a «ulQ!eaa.\»\j««8a. 
the true and false vocal corda; Vt.eommx^JMiaXRA^w^isisi 
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the sacculus laryngis, and forms a pouch hetween 
the superior or false vocal cords and the thyroid 
cartilage. 

The Bima Olottidis is the narrow fisstlre between 
the inferior or true vocal cords. In thie male it 
measures eleven lines, and its breadth is from three 
lines to half an inch. Tn the female and in the male 
below puberty it is eight lines in length, and two 
lines in breadth. When a sound is produced its 
edges are approximated. 

Action of the Muscles. — The crieo-thyroids 
tighten the vocal cords by pulling the anterior part 
of the thyroid downwards. The thyro-arytenoids 
have an opposite effect. The crico-arytenoid lateralea, 
by pulling forward the outer angle of the arytenoid 
cartilages, will approximate the vocal cords. The 
posterior crico-arytenoids pull back the outer angle 
of the arytenoid cartilages, and separate the vocal 
cords. 

The arytenoids, by pulling the arytenoids nearer 
together, approximate the vocal cords. 

Different Characters of Voice. 

1. Loudness or Intensity depends upon the 
amplitude of the movements of the cords, and hence 
upon the force of the expiratory blast. 

2. Fitch depends upon the rate of the vibrations. 
The number of vibrations being dependent upon 
the tension and length of the cords. The tenser the 
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cords the higher the pitch, the shorter the cords 
higher the pitch. When a high note is being 
the cords are approximated, when a low note th^^ 
are separated. It is said that no sound is elicit^^i 
if they are separated more than one-tenth or on^^ 
twelfth of an inch. Males have longer cords thj^^ 
females and chDdren, and hence have a lower ranigv 
of notes. But every voice has a certain range, in 
consequence of the power possessed by each Id- 
dividual to vary the tension of the cords. The fol- 
lowing table will exhibit the action of the muscles 
in altering the pitch : 



Ooyem Fitch of the Voice. 

{crioo-thyroids "I depress front of thyroid 
stemo- thyroids J and stretch v.od's 
Raise pitch ^ 

(rthyro-arytenoids 1 elevate thyroid and 
\ thyro-hyoids / relax v.cd's 

crico-ary. post. open glottis 

3. Quality of the voice depends chiefly upon in- 
dividual peculiarities. 

Nerve-supply. — The chief muscle which makes 
tense the vocal cords, the crico-th3rroid, is supplied 
hy the superior laryngeal, t\i"ft i»st of the intrinsic 
muBcles by the recurrent laiya^^ajX. 

XovementB during B.^%^Si^^Vixt.— ^xxsvsi^^fi:^ 
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^piration the rima glottidis opens widely, and is in 
^ semi-contracted state during expiration. 

It is closed entirely prior to a cough or sneeze. 
The Larynx as a Musical Instrument. — The 
different kinds of musical instruments are strings, 
£utes, and reeds. In certain instruments, as the 
harp, the musical sounds are produced hy vibrating 
strings, but no strings, as short as the vocal cords, 
could give a tone comparable to the human voice. 
In i^e flute-pipes the sound is produced by the vibra- 
tion of an elastic column of air. Possibly, this is 
the case with the notes of birds, but it would require 
a column of six feet to produce the ordinary bass 
voice. In the reed the sound is produced by the 
vibrations of certain tongues, as in the accordion, 
harmonium, &Xi, With this kind of instrument the 
human larynx agrees, the notes being produced by 
the vibrations of the vocal cords, the pitch depend- 
ing on their length and tension. 

n. ARTICULATE SOUNDS. 

The larjnix produces tones only, but speech con- 
sists in the modification of the laryngeal tones, so as 
to produce articulate sounds. 

Vocal Sounds. — ^The only true vocal sounds are 
the vowels : the consonants are sounds produced, not 
bj the vocal cords, but by the ex^ir«.\wTv \Av\&\»V«ksi% 
modiBed in the mouth and throat. 

TAe vowel sounds are prodwee^ Vn >i)ckft \%x^^^-» 
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but are modified in their passage through tJtte 
pharynx and mouth. Thus in pronouncing tAie 
vowel 00 the lips are protruded, and the laryns is 
depressed, making the column of air as long as 
possible. With the sound ee the lips are retracted, 
and the larynx raised, making the column of an* as 
short as possible. 

Consona/nia are sounds produced in the buccal 
cavity. The labiala are produced by approximation 
of the lips. The dentals by the approximatioii of 
the tongue to the teeth or hard palate. The gv^- 
turala by the approximation of the root of the tongue 
to the soft palate. Other varieties, as exploiwesy 
aspirates f and resona/nts, are formed by a rush of 
air through the lips, or teeth, or causing the naaal 
chamber to act as a resounding cavity. 
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SECTION XVII. 

ORGANS OF GENERATION. 

UTERUS. 

The TTtems is a hollow, muscular, pear-shaped 
organ^ with thick walls, situated in the pelvic cavity. 
It is flattened from before backwards, about 3 in.« 
long, and 7 to 12 drs. in weight. It consists of a 
fundus, a body, and cervix. The /undtis is rounded, 
and is directed upwards and forwards. The cervix 
projects into the vagina, and opens into it by means 
of a transverse fissure, the os uteri. The cavity is 
of triangular shape in its upper part, the base being 
towards the fundus, where the Fallopian tubes 
enter ; the inferior angle is constricted and forms 
the internal os, which opens into the cavity of the 
cervix. The cavity of the cervix is somewhat 
spindle-shaped, being constricted at the internal and 
external orifices. 

Structure, — The uterus conalste oi ^Mscoviai^ \s^»af 
cal&r, and mucous coats. T!\ie gerousXwje^'^sa^^^ 
Svza the rectum on to the upper paac^ oi'Ooa ^^!ksfj»a 
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then upwards, oovering the whole of the posterior 
wall ci the uterus ; it is reflected over the fundus 
and covers only three-fourths of the anterior surfiice 
and passes on to the bladder. Two folds, which 
connect the sides d the uterus with the walls of the 
pelvis, form the broad ligaments, and contain the 
Fallopian tubes and ovaries. 

The muscular coat consists of external, middle, 
and internal layers, of which the latter is the 
thickest : it forms concentric rings round the en- 
trance of the Fallopian' tubes and round the cervix. 

The mucous membrane lining the cavity of the 
uterus is smooth and soft, and of a dull red colour, 
and contains numerous tubular glands. 

The membrane of the cervix is thrown into 
numerous rugae, and in the lower part there are 
some papillae. The mucous membrane is lined 
throughout with ciliated columnar epithelium, ex- 
cept at the cervix, where it is flattened and non- 
ciliated. 

The Fallopian Tubes aie contained in the broad 

ligament, and are between 3 and 4 in. in length. 

At their inner end they commtmicate with the 

cavity of the uterus : they enlarge as they proceed 

outwards, and end in ntimerous processes termed 

^mbruB, one of which is attached to the ovary. 

Ihese SmhrisB ai^ arrange m au t^j^as^so^!^ \fiAss&s3^ 

UOund the abdominal o\>eii^i\g o^ \>aa XxJofc. '"S^oa 

*^ > iteeJf consists of a serou8,m\^Bt>A»x,vN5i^m>^^»^ 
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coat. The muscular contains longitudinal and cir- 
crular fibres, and the mucous membrane is lined by 
columnar ciliated epithelium. 

OVABIES. 

The ovaries are small bodies about 1^ in. in 
length : they weigh from 1 dr. to 1^ drs. each, and 
are enclosed between the layers of the broad liga- 
ment. They are for the most part enclosed by the 
posterior, and touch the anterior layer at their 
anterior border ; along this line is the hilus where 
the vessels enter. 

Structure, — The ovary is surrounded by a firm 
fibrous capsule, which is not so firm or dense as the 
tunica albuginea of the testis. The substance of the 
ovary consists of a stroma composed of connective 
tissue, and a few muscular fibre cells and blood- 
vessels. In this stroma the Graafian follicles are 
imbedded. 

The Graafian Follicles consist of small vesicles, 
which are scattered in great numbers through the 
ovary. The smallest measure about -j-^^ in., and 
lie in the cortical part. The medium-sized follicles 
occupy the more central parts, and are about ^ in. 
diameter, and are few in number. The largest of 
all, only few in number, lie near the surface, and 
project from it. The mature follicles are surrounded 
by a £brou8 and a vascular t\m\c, -s^Vv^Vwq^^sftyso^ 
called the membrana fibrosa and mewbra'aa -caacvxi- 

i 
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losob^ They are lined internally by several layers 
of columnar or rounded cells which form the mem,- 
brana granulosa, in which the ovum is imbedded, 
and that part of the membrana granulosa which 
surrounds it, is termed the discus proligerus. 
The vesicle is filled with a serous fluid called the liq. 
Jolliculi, 

The Ovum. — The ovum is a small round body 
of i-j(r ^^' ^^ diameter. It consists externally of 

(1) Zona pellucida or vitelline membrane. 

(2) Yelk or vitellus. 

(3) Germinal vesicle. 

(4) Germinal spot. 

The zona peUudda is a fine transparent mem- 
brane, often marked with fine radiating lines. The 
yelk is a granular mass containing oil globules. The 
germinal vesicle is a clear spot situated on one side 
of the yelk, and ^-^ i"^- ^ diameter. The germvnal 
spot is a dark granular spot of about ^^nn^ in. in 
diameter. 

Menstruation. — In the human female, from the 
liges of 14 to 45, menstruation takes place every 
month. The most important event during this 
period is the escape of an ovum from the ovary. 
The uterus. Fallopian tubes, and ovaries are con- 
gested^ a Graafian follicle bursts, and the ovum is 
picked up hy the fimbriated ex.\:T«SB\\.^ QR.^i>afe^^^^ 
pian tube, and passed along \«vjwc^^ VJaa xAjbcnss^ 
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During this time the mucous membrane of the 
uterus becomes swollen and congested, and a dis- 
charge of blood amounting to several ounces takes 
place from the uterus. It js probable, also, the 
mucous membrane of the uterus, including the 
glands, are discharged during this period. During 
the few days that menstruation is taking place, there 
is a feeling of lassitude, with pains in the back and 
loins. 

Corpus Lutetim. — After the discharge of the 
ovum from the Graafian vesicle, there is an effusion 
of blood into the ruptured follicle, the latter gradu- 
ally disappears and a sort of scat* is formed. But 
the course of events is greatly influenced if preg- 
nancy occur. If the ovum which was extruded be- 
comes fertilised, certi^n changes take place. The 
cells of the membrana granulosa become hypertro- 
phied, and a yellow irregular body is formed termed 
the corpus luteum. This body goes on enlarging 
for several months and is still of considerable size 
at parturition, but shortly after it gradually dwindles 
away. If pregnancy do not occur, the ruptured 
follicle shrinks, and in a few weeks is reduced to an 
insignificant scar. 

Impregnation. — The ovum, on entering the 
Fallopian tube, is passed onwards by the action of 
the cilia. Its motion is slow, as it appears to spend 
several days in. the Fallopian tuibe, VXiOW^ ^Oons* Sa» 
uncertain. If it meets witb. no Bpeniia.\^xQs\.,Si^ $^««» 
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and is discharged. But if it becomes impregnated, 
certain changes immediately begin. 

Segmentation of the Ovnm. — In the mammal, 
the whole of the yelk at once takes part in the 
formation of the embryo, and its ovum is said to be 
holohUtstic, In birds, only a part of the yelk at 
once takes part in the formation of the chick, the 
rest provides a store of nntritive material for the 
embryo, and is termed the food yelk. Sach an 
ovum is meroUaatic, The s^mentation of the 
human embryo has never been observed, but it is 
presumed to resemble that of other mammaki, as 
the rabbit and dog. Shortly after the ovum has 
escaped from the Gra^-fian follicle the germinal ve- 
sicle disappears : this takes place whether the ovnm 
is fertilised or not. The ovum appears generally to 
meet with the spermatozoa in the Fallopian tube, 
and immediately after certain changes begin. 

The yelk, which consists of a granular mass of 
protoplasm, splits into two ovoid masses, and there 
appears in each a clear space, which resembles a 
nucleus. Then shortly each ovoid mass splits again, 
making four, each having a nuclear body. This 
division goes on, ei^t, sixteen, thirty-two segments 
making their appearance, until finally the granular 
yelk has become a mass of cells, each having a 
nucleus and cell wall. 

In the next change t\ie cfexA^w^ \«x\s. \««5rrsa 
^uid, whilst a layer o£ ceWa «jcG\vm>a\»X,%^\.^^^ 
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^Umferenceand form the blastoderm or blastodermic 
^ixembrane. This membrane at first divides into 
^Wo, the epiblast arid hypohlasty a third making its 
appearance in an intermediate position called the 
'fneaohlaat. 

Chorion. — Meanwhile the zona pellucida has ac- 
quired a new character. It has become beset with 
numerous villi, giving the ovum a shaggy appear- 
ance, and is now termed the chorion^ and is probably 
derived from the cells of the epiblast. Shortly after 
the ovum has entered the uterus it consists of : — 

1. Chorion covered with vilU. 

r Epiblast. 

2. Blastoderm < Mesoblast. 

L Hypoblast. 

3. Fluid granular contents. 

It is from the blastoderm that the foetal structures 
are developed : the different layers take the follow- 
ing part in the process. 

1 . Epiblast. — Epidermis and appendages, great 
nervous centres, principal parts of eye, ear, nose, 
and one layer of the amnion. 

2. Hypoblast. — Epithelial lining of the whole 
alimentary canal, and of the lungs, and one layer of 
the allantois. 

3. Mesoblast. — The bones, muscles, fasciae, peri- 
pheral nerves, vascular system, connective tissue, 
muscular coa,t of alimentary csoaaV, owXfct \w5«^ ^ 

amnion, and part of allantois. 

A A. 
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Changes ocenrring in the Utenu. 

Prior to the entrance of the impregnated OYnm 
into the uterus certain changes occur in the c^rac- 
ter of ite mucous membrane, in order to prepare a 
suitable bed for the reoq)tion of the ovum. These 
changes correspond to those which take {dace during 
the menstrual period. They consist essentiallj in a 
proliferation of the subepithelial cells, causing a 
thickening of the mucous membrane, enlargement, 
and multiplication of the tubular glands, and hyper- 
trophy of the blood-vessels. This thickened mem- 
brane is called the decidua. Into this decidual 
membrane the ovum, on entering the uterus, becomes 
imbedded, and into the enlarged glands, or specially 
formed crypts, the villi of the chorion are received. 
The decidua having enveloped the ovum, it becomes 
divided into three distinct parts, viz. : decidtia vera, 
deddtui reflexa, and decidtia serotma. The decidua 
vera lines the general cavity of the uterus, the de- 
cidua reflexa is that part which covers the ovum, 
the term decidua serotina is applied to that portion 
of membrane which intervenes between the ovum 
and the uterine walls, and occupies the site of the 
future placenta. 

THE PLACENTA. 

During the first two or three weeks the ovum 
derives its nourishment thxow^ >i3tvft <bN^sft.\sNsa x^&l 
pf the chorion, the latter taYmg ^x^ ^^^'^ ^"^ ^^^- 
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buminous matter with which it is surrounded. 
About the third or fourth week the villi contain 
delicate loops of capillary blood-vessels, which 
greatly assist in the absorption of nutrient material. 
At the end of the sixth to the eighth week (the 
OYum being about 1^ in. in diameter) the villi 
which are imbedded in the tissues of the decidua 
serotina, become larger and more complex, and there 
is a corresponding increase in the decidual mem- 
brane, and in the course of another few weeks the 
placenta is completely developed, while the villi, 
which correspond to the decidua refiiexa, undergo 
more or less complete atrophy. By the end of the 
eighth or ninth week the villi can still be separated 
from the maternal structures, but by the end of the 
third month, or beginning of the fourth, they are so 
intimately connected that separation is no longer 
possible. 

The placenta has attained its full development 
by the end of the fourth month ; and when it has 
attained its full dimensions towards the eud of 
pregnancy it is a flat round cake 7 to 8 inches in 
diameter. 

Structure of placenta. — The placenta when fully 
formed consists of two portions, a foetal and mater- 
nal. The foetal portion consists of highly complex 
tufts of villi containing numerous loops of capillary 
hJood-veasels. The maternal pox^oxi coTish&\s> «^S. 
numerous spaces or sinusets coTitm\\o\v«» V\^ **^^s^ 
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blood-vessels of the mother, and which receive and 
surround the foetal villi. The villi dip into spaces 
filled with maternal blood. 

Circulation of Blood. — The foetal blood is car- 
. ried to the placenta by the two umbilical arteries : 
it then circulates through the viUi and returns to 
the foetus through the umbilical vein. The blood is 
carried to the maternal portion by the uterine arte- 
ries, the blood entering the sinuses through the so- 
called 'curling arteries/ and is returned by the 
uterine veins. There are no capillaries in the mar 
temal portion, the blood entering the sinuses and 
returning by the veins. 

There is no direct blood communication between 
the mother and foetus, but the foetal villi dip into 
the maternal blood in a way similar to the intestinal 
villi, which dip into the contents of the intestine. 

Changes effected by the Placenta. 

The festal blood gams nutrient material and 0. 
„ „ loses effete material (urea, <&c.), 
and CO2. 

The maternal blood gains effete material and CO^. 

„ „ loses nutrient material and 0. 

Structure of umMlical cord. — The umbilic&I 

cord when fully developed is from 18 to 20 in. long. 

Uxternally it is invested by the amnion, and contains 

the umbilical vein and two a.rViet\fia yo^q^^^^ycl^ 

gelatinous material termed ^Yiai^TL^'^^^. 'Sw^s^ 
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in foetal life it contained the ompbalo-mesenteric 
vessels, a second vein, the allantois, and umbilical 
duct. 

FCETAL CIRCCLATION. 

The arterial blood coming from the placenta to 
the foetus travels along the umbilical vein to the 
liver. Afber giving off several branches to the left 
lobe it divides into two streams, the larger joining 
the portal vein and thus entering the liver, the 
smaller passing directly into the inferior vena cava 
through the dv^tua venosus. In the inferior vena 
cava the blood carried by the hepatic veins and 
ductus venostis mixes with the blood which has 
circulated through the lower extreinities. On en- 
tering the right auricle thd blood of the inferior 
vena cava is directed by the Eustachian valve, 
through the foramen ovale ihto the left auricle, and 
from thence into the left ventricle. The left ven- 
tricle forces it into the aorta, and it is then distri- 
buted to the head and upper extremities, a small 
quantity bnly passing into the diescending aorta. 
The blood which has circulated through the head 
and upper extremities returns to the heart along the 
superior vena cava, the blood then passing into the 
right ventricle and pulmonary artery. A small 
part of the blood in the pulmonary iartery is con- 
veyed to the Juhgs, but t\ie ma^ox ^«i?c^ >^^^<5s&»*^cswsi!^ 
the ductus arteriosus into t\\e «jaic\a. ^ "^^ viks^- 

A X ^ 
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menoement of the descending portion. This blood 
is distributed to the lower extremities, a certain 
portion of it entering the hypogastric arteries and 
being conveyed to the placenta. 

Peoxiliarities of the Circulation in the Foetus. 
•—The greater part of the blood of the umbilical 
vein is submitted to the action of the liver, the 
liver being of large size during foetal life. The head 
receives the purest blood that enters the heart, viz. 
that of the inferior vena cava, while the blood sup- 
plied to the lower extremities is that which has 
already circulated through the head and upper ex- 
tremities. The great importance of the cephalic 
nervous centres makes it necessary for them to re- 
ceive a large amount of arterial blood. It is pro- 
bable that in early foetal life the two streams of 
blood passing through the right auricle are distinct. 
At a later period, as the foramen becomes smaller, 
it is possible that some mixture of the two streams 
may take place. 

Changes at Birth. — When the placental cir- 
culation ceases, and respiration through the lungs 
is established, an increased quantity of blood enters 
the lungs. 

The diLctus arteriosus begins to contract soon 
after birth, and is completely closed from the fourth 
to the tenth day. 

The Aypogastric arteries xeiaaMCL ^\«d.\. Ssi.\jwas 
&vt part as the superior vesvc\e,>$v^^ ^^ V^^^^^^o^ 
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tween the bladder and umbilicus becomes obliterated 
from two to five days after birth, and remains as 
the anterior true ligament of the bladder. 

The ductus venostis and umbilical vein become 
obliterated a few days after birth : the ductus veno- 
stis can be traced as a fibrous cord in the fissure of 
the same name on the under surface of the liver, and 
the umbilical vein becomes the round ligament. 

The foramen ovale is closed by the tenth day, 

and the Eustachian valve is soon reduced to a 

ti'fljoe 

THE MAMMARY GLANDS. 

The mammary glands form two rounded emi- 
nences, which extend from the third to the sixth 
ribs. A little below their centre is the nipple, 
which corresponds in position with the fourth inter- 
space. Around the nipple is the areola, which is 
of a darker colour than the nipple itself. 

Structure. — The mammary glands consist of 
lobes connected together with h,t and connective 
tissue. The lobes consist of lobules, ducts, and 
blood-vessels. The ducts commence in small clusters 
of acini, which are lined by short columnar epi- 
thelium. The ducts empty themselves into some 
fifteen or twenty excretory ducts termed galacto- 
phorotbs ducts, which converge to the areola, where 
they form dilatations termed the ampuMas, which 
serve as reservoirs for the milk. T\i^ ^\ycXA\«ftRKSia 
again contracted, and finally open oiv ^i^ift ««ss«e^^'^ 
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the nipple. The walls of the ducts consist of elastic 
tissue, and muscular fibres, and are lined by columnar 
epithelium, except at their orifices, where it becomes 
squamous. 

Composition of milk, — See page 121. 

THE TESTES. 

The testes occupy the scrotum : they are of an 
ovoid form, flattened from side to side, are about 
1^ in. long, and weigh | oz. to an oz. Along the 
posterior border of the testis is situated the epidi- 
dymisy which is composed of the convolutions of the 
excretory duct of the testis: the upper part is called 
the globus major, the lower part the globus mAnw, 
Structure, — The testes are surrounded by a 
fibrous capsule, the tninica aJhuginea, Uie surface of 
which is covered by the tunica vaginalis, except 
along the posterior border, where the vessels enter. 
The tunica albuginea passes into the substance of 
the gland, forming an incomplete vertical septum 
called the mediastinum testis, 

MuLnte Stmetnre. — The testes consist of from 
250 to 400 lobules : they are conical in shape, their 
bases being directed towards the circumference of 
the organ. The lobules are composed alihost en- 
tirely of minute convoluted tubes, named the tubuli 
semtn{/eH, Each lobule coT^tainE aevertil tubes, the 
total number having \jeen caXcv3\«.\fi^ «X> ^^SS^ ^>3A 
their length 2^ feet eath. "TV^eVt ^\a?caa\jes \& ^\,^H5b 
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to T^th in, They consist of a basement membrane, 
and in the young subject are lined internally by 
cells resembling epithelium. In the adult a mass 
of cells may be seen, wliich are spermatozoa in 
various stages of development. 

The Vasa Beota. — At the apices of the lobules 
the tubuli become less convoluted, and unite together 
to form twenty or thirty larger ducts about ^'j^th in. 
in diameter called the vasa recta. 

The Rate Testis. — The vasa recta 'enter the 
fibrous tissue of the mediastinum and form a net- 
work of tubes called the rete testis. 

The Vasa Efferentia consist of ten to twenty 
ducts which emerge from the rete testis. They per- 
forate the tunica albuginea. Their course is at first 
straight, but they become more and more convoluted 
as they proceed towards the epididymis, and form a 
series of small conical masses, the coni vasculoai. 

The Canal of the Epididymis. — The coni vascu- 
losi empty themselves into a single duct, which by 
its numerous coils forms the globus major and 
globus minor, and then turns upwards as the vas 
deferens. The canal is y^th to -^th in. in breadth, 
is lined by columnar ciliated epithelium, and mea- 
sures about 20 feet in length. 

The Vas Deferens is the excretory duct of the 
testis, and, commencing at the lower part of the 
globus minor, ascends as part oi \)\ift «^Tcaa^^ ^isst^ 
to the internal abdominal ring; \\,\a c«vi^Kx5NL^^si 
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ikt \mm of Ife hhUet^ wlioe benMo^ 

aad Mfriililrdy it unitai wiik the dwrt of tlie Toi- 

It k about two fset in feng^ wiA a nairov 
canal and tkkk walla. 

Sirwslure, — 

1. External or eon n ec li%c tisBiie coat. 

2. Mntciilar, two longitodinal, and intermediate 
etrcnlar lajer. 

3. Internal cirmoooiii;, arranged in longitodical 
ib]d« lined with oolnmnar epithelimn. 

Sperinatoaoa. — ^The apermadc oorpoflcks emsist 
of a small oval bodj provided witfa a long filiform 
toiL The body is aboot ^^nnr^ ^ ^ length, and 
the tail aboat 7^1^ in. in lengdu The tail performs 
rapid vibratile movements whidi enable the vpeet- 
matozoa to find Iheir way into the Fallopian tabe, 
in iqiite of the action of the cOia. 

The spermatozoa are developed within the cells 
which line the tobuli seminiferi. The body and 
rxnled'Up tail may be seen inside some of these cells 
from which the spermatozoon makes its escape. 
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BactiptB and loiiai of a Strong Xui in S4 bonri. 

(PtIUiUiiftr and roU.) 

Weight at commeDceinent - 00-20 kilor. 
Weinht at end - 69-65 „ 
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Xetrie Syitem. 

One metre equals 39*37 English inches. 
10 decimetres « 1 metre. 
100 centimetres » „ 
lyOOO millimetres » ,, 

One decimetre or 10 centimetres are nearly equal to 

4 inches, and 26*4 millimetres equal an inch. 

One gramme - 15*43 grains. 
10 decigrammes » 1 gnunme. 
100 centigrammes » ,; 

1,000 milligrammes « ,, 

1,000 grammes « 1 kilograomie. 

One cubic centimetre of dis- 
tilled water weighs . . 1 gramme. 
1,000 cubic centimetres = 1 litre 

1 litre = 35 fluid oz. 
100 c.c. - ^ „ 
28*4 C.C. « 1 „ 

Thermometer Scales. 

1. Fahrenheit's scale, commonly in use in England, 
has its boiling point at 212^, and freezing point at 32^. 

2. Centigrade scale in use on the Continent, and uni- 
Tersallj in scientific works in this country, has a boiling 
point at 100°, and freezing at 0°. 

To reduce Fahrenheit to Centigrade, subtract 32 and 
multiply by 5 and divide by 9. C « (F - 32) x |. 

To reduce Centigrade to Fahrenheit, multiply by 9 
and divide by 5, then add 32. F = (C x |) + 32. 
Thus to reduce 212** F. to C. 
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QUESTIONS IN PHYSIOLOGY. 

(1.) Describe tlie mechanism by which the air is 
moved during ordinaiy and extraordinary inspiratbn 
and expiration, what parts of the nervous system are 
concerned, and how it can be proved that they are conr 
cemed in ordinary respiration. 

(2.) Describe the minute structure of the spleen, the 
difference between the blood of the splenic arteiy and 
that of the splenic vein ; what opinions are entertained 
regarding the functions of the organ, and what are the 
reasons for these opinions P 

(3.) Give an account of the function of the intra- 
cardiac nervous apparatus, and the connections and func^ 
tions of the extracardiac nerves. 

(4.) Describe the minute structure of the retina. 
Mention the anatomical and physiological facts that 
prove the rods and cones to be the peripheral terminal 
organs of the optic nerve. 

(6.) Give an account of the minute structure of the 
ovary, the manner in which the Graafian follicle and its 
contents are developed, the changes in the follicle that 
precede and those that foUow its rupture. 

(6.) How much of the several groups of essential 
food-stuffs is needed for the muntenance of health by a 
man doing severe muscular wotk, vcl^V^ ^Ts^ai\^\&s^%s^ 
average amount of muscular 'W0Tk,i«ep^«5^'^^ 

B B 
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(7.) Give an account of the minute structure of the 
several parts of the auditory labyrinth, and of the theories 
advanced with regard to their functions. 

(8.) What are the functions of the portio dura 
nerve f Describe the physical and chemical quaUtiee of 
chyle, and the changes it undergoes in its course firom 
the intestines to the thoracic duct. 

(9.) Describe the structure of the fibres of a volun- 
tary muscle, and of the hearty and the phenomena of 
contraction in voluntary and involuntary muscle. 

(10.) Describe the changes which the blood under- 
goes in passing through the capillaries of the skin and 
lungs. 

(11.) What is the minute anatomy of adipose tissue, 
and what purpose does fat serve in the animal economy ? 

(12.) What is the action of the arteries in the circu- 
lation of the blood P What evidence can you ofier of 
the influence of the nervous system on this action ? 

(13.) Describe the structure of the pancreas, and 
state the effects of the pancreatic juice on the chief con- 
stituents of the food. 

(14.) Describe in detail one complete revolution of 
the heart. 

(15.) Trace the changes by which the temporary are 
replaced by the permanent teeth, and state the period at 
which each of the permanent teeth generally appears. 

(16.) Compare the eflects of active and prolonged 
exercise with the ordinary changes which take place in 
the body during rest. 

(17.) Describe the structure and functions of the 
true vocal cords. How is speech effected P 

(18,) Describe the structvae oiV5tiec;i:^«»\aJ^Mi^\«Q^ 
the chADges which occui in it d\mn% wicotmaa^^wi- 
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(19.) State the average quantity- and specific gravity 
of the urine ; enumerate its chief constituents; and the 
circumstances which affect their proportion. 

(20.) Enumerate the various forms of cartilage, de- 
scribing the minute character of each, and mention the 
joints in which interarticular fibro-cartilage is found. 

(21.) Explain the effect of complete division of the 
spinal column between the second and third cervical 
vertebrae in one of the higher animals. 

(22.) Describe as fully as you can the phenomena 
presented by the circulation of the blood, as may be 
seen in some transparent part under the microscope. 

(23.) How are the acts of inspiration and expiration 
accomplished? Describe the changes produced in the 
air by respiration. 

(24.) Enumerate the functions of the sympathetic 
system of nerves, and give examples of each fanction. 

(25.) What are the proofs that the blood is a living 
fluid? What are the proofs that it circulates? and 
what is its composition ? 

(26.) Describe the arrangement and relation of the 
several structures which enter into the formation of a 
lobule of the liver. 

(27.) How is the voice produced and modulated? 
State by what muscles the rima glottidis is influenced, 
and how they act in changing its shape. 

(28.) Describe the arrangement of the tubuli urini- 
feri in the cortical and in the medullary portions of the 
kidney. State how the capillaries and arteries are dis- 
tributed in this organ. Give an analysis of the urine. 

(29.) Describe the structure oi tlaa dx3j:A<Sk\i>Nca.^^3B.^ 
the changes the food undergoes Vu t^i'ft.X. ^^^ ^^ '^^^s^- 
testine. 
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(80.) Deflcribe the process of growth in a long iMne. 

(31.) Describe the mucous membrane of the tongue, 
and the functions of the nerves which supply it. 

(32.) What is the influence of food^ exercise, and 
season on the organic and inorganic salts of the urine P 

(33.) What is the nature of the arterial pulse, and 
what are the conditions in ordinary health which have 
most influence upon its rate and character P 

(34.) Explain physiologically how a tumour in the 
neck may cause loss of voice, and how a small foreign 
body in the larynx may cause great dyspncea. 

(35.) What changes occur in an ovum f^m the time 
of impregnation up to and inclusiye of the formation of 
the three embryonal sacs P 

(36.) Describe the eflect of dividing the vag^ m a 
mammal. 

(37.) What are the sources of heat in the animal 
body P Tn what organs is it principally produced, and 
by what means is it regulated P 

(38.) Define the terms eupnosa, dyspnosa, asphyxia, 
apnoea. 

(39.) Describe the phenomena witnessed when the 
trachea of a rabbit is suddenly occluded. 

(40.) What is the function of the iris with reference 
to distinct vision P Describe briefly the relations of the 
irb to the nervous system. 

(41.) Describe the minute structure of the small in- 
testine, and the manner in which the food passes from 
the intestines into the circulation. 

(42,) State the principel facts which indicate the in- 
£uenoe of the nervous system oiv «e^'t«>Lvy[i, 

(43,) What is measit \>7 wx \xic^Vtfsti \i«tN^^ ^v\^ 
^B instsnce. 
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(44.) Give an account of the formation and stnicture 
of the placenta, and the changes which the foetal hlood 
undergoes in passing through this organ. 

(46.) Describe the efifect of dividing the third nerve 
near its roots. 

(46.) Describe the structure of the mammary gland 
and the composition of milk. 

(47.) What is meant by blood-pressure, how may it 
be estimated, and what circumstances influence it P 

(48.) Describe the special organs in which nerves 
terminate. 

(49.) Describe the minute anatomy of the scalp. 

(60.) Describe the mammary gland, and the compo- 
sition of human milk. 

(61.) What is the structure of the muscular fibre of 
the heart P By what mechanism is a variation in the 
rate of the beat of the heart brought about in living 
nuunmals P When the heart beats faster, is there neces- 
sarily a rise in the blood pressure P 

(52.) What is known of the origin of mammalian red 
corpuscles P Explain as accurately as you can the 
changes they tmdergo in passing through (a) the lungs, 
(h) a contracting muscle. 

(63.) Compare the effect produced by stimulating 
an eflerent nerve going to a muscle, with the effect 
produced by stimulating an efferent nerve going to a 
gland. 

(64.) What is the structure of the pancreas f Give 
one method of preparing artificial pancreatic juice. Com- 
pare gastric with the pancreatic digestion of proteids. 

(&6.) BrieQy describe the metikcA^ oi \feTsa\ssa*as5s^^ 
aenBorj nerves in the skin. W\ia\. \ft tb»«3B\.\s^ T£jsaR>^» 
aenaeF 
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(66.) State briefly the effects on the organism of a diet 
of proteids only, and proteids and carbo-hydrates only. 

(67.) Describe the events which take place in a 
simple reflex action. Give two instances of inhibition 
of reflex actions. How do you explain this inhibition ? 

(68.) What is the Yoimg-Helmholtz theory of colour 
Yision P With reference to this theory, briefly discuss 
the phenomena of colour blindness* 
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